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Abstract
We study low-energy aspects of 3d N = 2 Spin(N) gauge theories with matters in
vector and (conjugate) spinor representations. Extending the construction of the 4d
N = 1 Spin(N) Seiberg duality, we find 3d magnetic dual descriptions with tree-level
superpotentials slightly different from the 4d ones. We test various consistency checks
including RG flows to known 3d dualities and supersymmetry enhancement deforma-
tion which leads to a 3d N = 4 duality between SU(2) with three hypermultiplets and
U(1) with four hypermultiplets.
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2
1 Introduction
Duality is a powerful tool of studying low-energy structures of strongly-coupled and non-
perturbative gauge theories. In supersymmetric theories with four supercharges, it is known
as “Seiberg duality” and it was discovered by Seiberg in a 4d N = 1 SU(N) gauge theory
with fundamental flavors [1, 2]. After this first discovery of Seiberg duality, similar duali-
ties have been constructed in various dimensions, in various gauge groups and for various
representations of matters [3–7] (for 3d examples, see [8–15]). Recently, the low-energy as-
pects of the Coulomb moduli space in 3d N = 2 supersymmetric gauge theories were deeply
understood [16–25] and it became possible to construct various 3d Seiberg-like dualities.
In this paper, we tackle wth a problem of constructing the Seiberg dualities for 3d N = 2
Spin(N) gauge theories with vector and spinor matters. In [26,27], the so(N) Seiberg duality
with vector matters was proposed, where the gauge group could be (S)O(N) or (S)pin(N).
In connection with this development, this paper will generalize it by adding spinorial matters.
Therefore, we here consider the Spin(N) gauge groups. In 4d, the duality for the Spin(N)
gauge theory with spinor and vector matters is known [28–34]. We will claim that the similar
dualities can hold also in 3d with a small modification of the magnetic superpotential. The
3d superpotential will include a monopole superpotential for a dressed Coulomb branch. This
modification must be necessary because of the following reasons: In 4d, a linear combination
of the U(1) global symmetries is anomalous and explicitly broken due to a chiral anomaly.
The 4d dualities only respect the unbroken symmetries. For instance, the operator matching
is well behaved under the unbroken symmetries. However, in a 3d limit, the anomalous U(1)
symmetry is restored since there is no chiral anomaly. Therefore, a naive 4d Seiberg duality
does not straightforwardly hold in 3d. In this paper, we will discuss how one can remedy the
failure of the 4d Spin(N) Seiberg dualities in 3d. In Spin(7) cases, we will give a calculation
of the superconformal indices and find a nice agreement under the duality.
The rest of this paper is organized as follows. In Section 2, we consider the Spin(7) gauge
theory and its dual. We will explain how to modify the magnetic superpotential in order to
have a correct 3d duality. As a byproduct of the Spin(7) duality, we also discuss the Spin(6)
and Spin(5) dualities. Section 3, 4 and 5 are devoted to the generalization of our argument
to Spin(8), Spin(9) and Spin(10) groups, respectively. These dualities are related to each
other via some complex mass deformations. In Section 6, we summarize our findings and
discuss possible future problems.
2 3d Spin(7) Seiberg duality
We begin our analysis from the Spin(7) examples with spinor matters whose dimension is
8. In four spacetime dimensions, the corresponding dualities were studied in [28, 32]. We
will see that similar dualities can hold in 3d as well by slightly modifying the magnetic
superpotential. The electric description is a 3d N = 2 Spin(7) gauge theory with F vector
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matters Q and a spinor matter S, which is completely the same as the 4d electric theory.
There is no tree-level superpotential. Since there is no chiral anomaly in 3d, the global
symmetry becomes SU(F ) × U(1) × U(1) × U(1)R. This enhanced symmetry forbids the
conventional 4d Seiberg duality from being valid in 3d as advocated in Section 1. Table 1
summarizes the quantum numbers of the elementary fields. The analysis of the Higgs branch
is similar to the 4d one [28, 32, 35, 36]. We can define the following operators
MQQ := Q
2, MSS := S
2
P3 := SQ
3S, P4 := SQ
4S, B := Q7,
where the gauge indices of spinor matters are contracted in a symmetric way. On the second
line, the color (and also flavor) indices ofQ’s are anti-symmetrized. See the quantum numbers
of these operators in Table 1. The meson operators on the first line will become elementary
fields in a magnetic theory.
A new ingredient of 3d N = 2 supersymmetric gauge theories comes from the Coulomb
branch which is a set of flat directions for the scalars in a vector superfield. At a generic
point of the Spin(7) Coulomb brach, the gauge group is spontaneously broken to U(1)3.
For each U(1) factor, we can introduce a Coulomb branch coordinate (monopole operator)
by dualizing the U(1) vector superfield into a chiral superfield. However, almost all the
(classical) flat directions are quantum-mechanically unstable and lifted because a monopole-
instanton could generate a runaway potential for the Coulomb branch [16, 17, 37]. In so(N)
gauge theories, only a few directions are non-perturbatively allowed and become exactly
flat [26,27,38–40]. In the present case, there is a single flat direction: The electric Coulomb
branch operator, which is denoted by YSO(5), corresponds to the spontaneous gauge symmetry
breaking [41–43]
so(7)→ so(5)× u(1) (2.1)
7→ 50 + 1±2 (2.2)
8→ 41 + 4−1, (2.3)
where the Coulomb branch coordinate YSO(5) is obtained by dualizing the unbroken U(1)
vector superfield into a chiral superfield. We can see the stability of this flat direction as
follows: The vacuum of the remaining SO(5) gauge dynamics can be stable and supersym-
metric by the massless components of the vector matters since monopoles from SO(5) have
too many fermion zero-modes to create a runaway potential for the Coulomb branch. In
order to describe this flat direction, we need to introduce a monopole operator YSO(5). Since
the spinor matters are charged under the unbroken U(1) subgroup, all the spinor compo-
nents are massive along this branch. For Spin(7) gauge theories only with spinors, the SO(5)
dynamics obtains a runaway potential W =
∑
i=1,2
1
Yi
from the fundamental monopoles of
U(1)2 ⊂ SO(5) and hence YSO(5) is lifted. In addition to this operator, we can also turn on
a dressed Coulomb branch
Y
Q
SO(5) := YSO(5) (50)
5 ∼ YSO(5)Q5, (2.4)
4
which is available only for theories with F ≥ 5 vectors. This operator is also known as a
baryon-monopole operator [26]. The another Coulomb branch operator ZSO(3) [26,38], which
corresponds to the breaking so(7)→ so(3)×su(2)×u(1) and will be discussed in more detail
in Section 2.2, cannot be a flat direction since the low-energy SU(2) gauge theory includes
a single doublet and its origin of the moduli space is eliminated [16]. Therefore, for the
Spin(7) gauge theory with more than one spinor can have the flat direction ZSO(3).
For small flavors F ≤ 4, we find confinement descriptions whose low-energy spectrum is
given by the Coulomb and Higgs branch operators. From the symmetry argument in Table
1, the effective superpotential is determined as
W
eff
F=4 = YSO(5)(M
4
QQM
2
SS +MQQP
2
3 + P
2
4 ), W
eff
F=3 = λ
[
YSO(5)(M
3
QQM
2
SS + P
2
3 )− 1
]
W
eff
F=2 =
1
YSO(5)M
2
QQM
2
SS
, W
eff
F=1 =
(
1
YSO(5)MQQM
2
SS
) 1
2
, W
eff
F=0 =
(
1
YSO(5)M
2
SS
) 1
3
.
For F = 4, the theory exhibits s-confinement [38] where there is no singularities on the
whole (classical) moduli space of vacua. For F = 3, the theory has one quantum constraint
between the Higgs and Coulomb branch coordinates, where the origin of the moduli space
is not a part of the moduli space and we can remove a single coordinate. For F ≤ 2, the
theory obtains runaway potentials and hence there is no stable supersymmetric vacuum. For
F ≥ 5, we cannot write down effective superpotential without singularities at the origin of
the moduli space. Hence, we expect that the non-abelian Coulomb phase at the origin of the
moduli space is described by a magnetic dual description for F ≥ 5. In this paper, we will
always find a magnetic description for Spin(N) gauge theories when the number of vectors
is greater than the s-confinement value of F .
Table 1: 3d N = 2 Spin(7) gauge theory with F vectors and a spinor
Spin(7) SU(F ) U(1) U(1) U(1)R
Q 7 1 0 0
S 8 1 0 1 0
MQQ := Q
2 1 2 0 0
MSS := S
2 1 1 0 2 0
P3 := SQ
3S (F ≥ 3) 1 3-th anti-symm. 3 2 0
P4 := SQ
4S (F ≥ 4) 1 4-th anti-symm. 4 2 0
B := Q7 (F ≥ 7) 1 7-th anti. symm. 7 0 0
YSO(5) 1 1 −2F −4 2F − 6
Y
Q
SO(5) := YSO(5)Q
5 (F ≥ 5) 1 5-th anti. symm. 5− 2F −4 2F − 6
The magnetic description is given by a 3d N = 2 SU(F − 3) gauge theory with F
fundamental quarks q, a single fundamental quark q′, a symmetric-bar tensor s¯ and two
5
gauge singlets MQQ and MSS. The fundamental quarks are distinguished into q and q
′ by a
tree-level superpotential
Wmag =MQQs¯qq + s¯q
′q′ +MSSY
dressed, (2.5)
where the last term is a mass term between the meson and dressed Coulomb branch operators.
The precise definition of Y dressed will be given below. The superpotential completely fixes
all the quantum numbers of the magnetic elementary fields, which is summarized in Table
2. The superpotential is very similar to [28] but the last term is not identical to the 4d
one (W 4dmag instead including MSS det s¯). We will shortly see that this difference is quite
important to find a correct operator matching under the 3d version of the duality.
The magnetic Higgs branch is described by the following operators and the operator
mapping is straightforward:
P3 ∼ qF−3, P4 ∼ qF−4q′, YSO(5) ∼ det s¯. (2.6)
Notice that the last operator det s¯, which was removed in the 4d Spin(7) duality due to an
F -flatness condition of MSS, is now transformed into one of the Coulomb branch operators.
Next, we consider the matching of the magnetic Coulomb branch to the rest of electric
operators. The bare Coulomb branch, which is denoted by Y bareSU(F−5), corresponds to the
gauge symmetry breaking
SU(F − 3)→ SU(F − 5)× U(1)1 × U(1)2 (2.7)
→ 0,−2 + 11,F−5 + 1−1,F−5 (2.8)
→ 0,4 + −1,−F+7 + 1,−F+7 + 1−2,−2F+10 + 12,−2F+10 + 10,−2F+10 (2.9)
adj.→ adj.0,0 + 10,0 + 10,0 + 12,0 + 1−2,0
+ −1,−F+3 + 1,−F+3 + 1,F−3 + −1,F−3, (2.10)
where the adjoint representation corresponds to the vector (gaugino W˜α) superfield. The
chiral superfield Y bareSU(F−5) is obtained by dualizing the U(1)1 vector superfield. Since the
matter content of the magnetic theory is “chiral” (unbalanced numbers of fundamental and
anti-fundamental matters), a mixed Chern-Simons term between U(1)1 and U(1)2 is gener-
ated via the integration of the massive components along the Coulomb branch [18,22–25,44].
The bare Coulomb branch Y bareSU(F−5) thus obtains a non-zero U(1)2 charge proportional to the
mixed CS term −kU(1)1,U(1)2eff = −4(F − 5) [18]. In order to describe the magnetic Coulomb
branch in a gauge-invariant way, we need to define the so-called dressed monopole operators
Y dressed := Y bareSU(F−5) ( 0,4)
F−5 ∼ Y bareSU(F−5)s¯F−5, (2.11)
which is neutral under the U(1)2 symmetry as it should be. The color indices of s¯
F−5 are
contracted by two epsilon tensors of the unbroken SU(F −5). This dressed operator couples
to the meson singlet MSS via the tree-level superpotential and then the F -flatness condition
of MSS gets rid of the dressed operator Y
dressed from the chiral ring elements.
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Table 2: The magnetic dual of Table 1
SU(F − 3) SU(F ) U(1) U(1) U(1)R
q 3
F−3
2
F−3
0
q′ 1 F
F−3
2
F−3
0
s¯ 1 −2F
F−3
−4
F−3
2
MQQ 1 2 0 0
MSS 1 1 0 2 0
YSO(5) ∼ det s¯ 1 1 −2F −4 2F − 6
P3 ∼ qF−3 1 3-th anti-symm. 3 2 0
P4 ∼ qF−4q′ 1 4-th anti-symm. 4 2 0
Y bareSU(F−5) U(1)2: −4(F − 5) 1 2F − 4FF−3 4− 2F+2F−3 −2F + 12
Y dressed := Y bareSU(F−5)s¯
F−5 1 1 0 −2 2
B ∼ Y bareSU(F−5)(s¯q)F−7W˜ 2α 1 7-th anti. symm. 7 0 0
Y
Q
SO(5) ∼ Y bareSU(F−5)(s¯F−5s¯)(s¯q)F−5 1 5-th anti. symm. 5− 2F −4 2F − 6
The non-trivial matching of the gauge-invariant operators comes from the baryons and
the other dressed Coulomb branch operators. On the electric side, the baryon operator
B := Q7 is available for F ≥ 7 whereas there is naively no such operator on the magnetic
side. In addition, the dressed Coulomb branch Y QSO(5) := YSO(5)Q
5 is available for F ≥ 5 on
the electric side. In the magnetic description, these operators are defined by more exotic
dressed Coulomb branch (or known as baryon-monopoles [22]) as follows:
B ∼ Y bareSU(F−5) F−70,2 1,F−3 −1,F−3 ∼ Y bareSU(F−5)(s¯q)F−7W˜αW˜α (2.12)
Y
Q
SO(5) ∼ Y bareSU(F−5)
(
F−5
0,4 10,−2F+10
)
F−5
0,2 ∼ Y bareSU(F−5)(s¯F−5s¯)(s¯q)F−5, (2.13)
where two W˜α’s represent gaugino contributions 1,F−3 and −1,F−3. See [12, 22–25, 44, 45]
for studies on the dressed Coulomb branch in other gauge theories. We listed the quantum
numbers of these operators in Table 2 and this confirms the operator identification above.
As a consistency check of our duality proposal, we first test the superconformal indices
[46–49] for the F = 5 case. The dual gauge group becomes SU(2). By using the localization
technique developed in [50–52], the superconformal indices of the electric and magnetic
descriptions for F = 5 are computed as
IF=5 = 1 +
√
x
(
1
t10u4
+ 15t2 + u2
)
+ x
(
1
t20u8
+
1
t10u2
+
15
t8u4
+ 120t4 + 15t2u2 + u4
)
+ 10t3u2x5/4
+ x3/2
(
1
t30u12
+
1
t20u6
+
15
t18u8
+
1
t10
+
15
t8u2
+
120
t6u4
+ 680t6 + 125t4u2 + 15t2u4 + u6
)
+ x7/4
(
10
t7u2
+
1
t5u4
+ 150t5u2 + 10t3u4
)
+ x2
(
1
t40u16
+
1
t30u10
+
15
t28u12
+
1
t20u4
+
15
t18u6
+
120
t16u8
+
u2
t10
+ 3060t8 +
15
t8
+ 755t6u2 +
120
t6u2
+ 125t4u4 +
680
t4u4
+ 15t2u6 + u8 − 26
)
+ · · · , (2.14)
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where we set the r-charges to be rQ = rS =
1
4
for simplicity but one can use any r-charges
to observe this agreement. The parameters t and u are the fugacities for the two U(1)
symmetries. We observed this agreement of the indices up to O(x2). The interpretation
of each term is in order: The second term
√
x
(
1
t10u4
+ 15t2 + u2
)
corresponds to a sum of
three operators YSO(5) +MQQ +MSS. The coefficient represents a number of components.
The fourth term 10t3u2x5/4 is interpreted as P3. P4 corresponds to 5t
4u2x3/2. The dressed
Coulomb branch Y QSO(5) appears as
x7/4
t5u4
. The other terms are the symmetric product of these
operators or fermion contributions.
As a second consistency check of the duality between Table 1 and Table 2, let us consider
the case with F = 4 where the magnetic gauge group is vanishing and then we can expect
that the electric theory exhibits an s-confinement phase. As studied in [38], the Spin(7)
gauge theory with four vectors and a single spinor shows s-confinement.
We can also derive the 3d G2 duality known in [53]. On the electric side, we introduce
a non-zero vev to 〈MSS〉 = v2 which breaks the gauge group into G2. The low-energy
description becomes a 3d N = 2 G2 gauge theory with F fundamental matters. On the
magnetic side, the gauge group is unchanged but the superpotential becomes
Wmag =MQQs¯qq + s¯q
′q′ + v2Y dressed, (2.15)
which is completely the same as the dual description proposed in [53] and the vev v2 can be
absorbed into the definition of Y dressed.
By introducing a complex mass to the spinor field, we can obtain the Spin(7) Seiberg
duality with vectors and no spinor [26]. On the electric side, the mass term W = mMSS
just integrates out the spinor matter. On the magnetic side, the complex mass leads to the
higgsing Y dressed 6= 0. Since Y dressed is a composite operator consisting of the Higgs and
Coulomb branch fields, the gauge group is spontaneously broken in a twofold way
SU(F − 3)→ S(U(F − 5)× U(1)1 × U(1)2)
→ S(O(F − 5)× U(1)1) ∼ S(O(F − 5)×O(2)), (2.16)
where the first breaking is induced by Y bareSU(F−5) and the second breaking is caused by s¯
F−5. By
doing the gauge transformation of SU(F−5), we can choose the vev of s¯ as an identity matrix.
Due to the vev of s¯, q′ becomes massive. The Affleck-Harvey-Witten type superpotential [37]
is generated by the U(1)1 factor and the resulting superpotential becomesW =MQQqq+Y Y˜ ,
where Y˜ is a Coulomb branch of O(F −5). Since the O(2) gauge dynamics is translated into
a chiral superfield Y , the low-energy gauge group becomes O(F − 5). The singlet Y and the
Coulomb branch operator Y˜ are charged under the Z2 ⊂ O(F − 5). This is precisely the
duality proposed in [26].
We can also turn on a complex mass to the vector matters and test the flow of the duality.
As an example, let us introduce a mass deformation to a single flavor, say ∆W = mQFQF .
On the electric side, the vector matter QF is just integrated out. On the magnetic side, the
mass term leads to the higgsing 〈s¯qF qF 〉 = −m which breaks the gauge group into SU(F−4).
As a result, the duality is preserved with a reduction of F .
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By introducing a non-zero vev with rank 〈MQQ〉 = r, we can derive the Spin(7 − r)
duality with some spinor matters. Here, we only consider the r = 1 and r = 2 cases. On
the electric side, rank 〈MQQ〉 = 1 breaks the gauge group to Spin(6) and the low-energy
description becomes a 3d N = 2 Spin(6) gauge theory with F vectors, one spinor and one
conjugate spinor, where we shifted F to F + 1. On the magnetic side, rank 〈MQQ〉 = 1
decomposes F + 1 quarks into F quarks and a single quark which is combined with q′ into
q+ and q−. As a result, the magnetic description becomes a 3d N = 2 SU(F − 2) gauge
theory with F quarks q, two quarks q±, one symmetric-bar tensor s¯ and two gauge-singlets
MQQ and MSS. The theory has a tree-level superpotential
Wmag =MQQs¯qq + s¯q+q− +MSS¯Y˜
dressed, (2.17)
which completely fixes the charge assignment of the dual elementary field as listed in Table
3. The mapping of the magnetic Higgs branch operators is easily obtained
P2 ∼ qF−2, P3 ∼ qF−3q+, P¯3 ∼ qF−3q−, P4 ∼ qF−4q+q−, YSO(4) ∼ s¯F−2.
When the bare Coulomb branch Y˜ bareSU(F−4) in the magnetic theory obtains a non-zero vev,
the gauge group is spontaneously broken to SU(F − 2)→ SU(F − 4)×U(1)1×U(1)2. The
gauge-invariant monopoles are similarly defined by
Y˜ dressed := Y˜ bareSU(F−4)s¯
F−4 (2.18)
B ∼ Y˜ bareSU(F−4)(s¯q)F−6W˜ 2α (2.19)
Y
Q
SO(4) ∼ Y˜ bareSU(F−4)s¯F−4s¯(s¯q)F−4, (2.20)
whose global charges are consistent with the duality in Table 3.
As a consistency check of the duality shown in Table 3, we study the superconformal
indices of the electric and magnetic theories. We computed the indices for the F = 4 case
and observed a nice agreement up to O(x2). The result is given by
IF=4 = 1 + x
1/2
(
tu+ 10v2
)
+ x
(
1
t2u2v8
+ t2u2 + 16tuv2 + 55v4
)
+ x5/4
(
4t2v3 + 4u2v3
)
+ x3/2
(
t3u3 +
10
t2u2v6
+ 16t2u2v2 +
1
tuv8
+ 116tuv4 + 220v6
)
+ x7/4
(
4t3uv3 + 40t2v5 + 4tu3v3 + 40u2v5
)
+ x2
(
1
t4u4v16
+ t4u4 + 16t3u3v2 + 136t2u2v4 +
56
t2u2v4
+ 560tuv6 +
16
tuv6
+ 715v8 +
1
v8
− 18
)
+ · · · ,
(2.21)
where v is a fugacity for the U(1) symmetry rotating vectors Q while t and u count the
numbers of the spinor and conjugate spinor. We set the r-charges as rQ = rS = rS¯ =
1
4
for
simplicity. The second term x1/2 (tu+ 10v2) corresponds to the two mesons MSS¯ +MQQ.
The fourth term x5/4 (4t2v3 + 4u2v3) is a contribution of P3 and P¯3. The composites P2
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and P4 are identified with 6tuv
2x and tuv4x3/2, respectively. The bare Coulomb branch
YSO(4) is represented as
x
t2u2v8
while the dressed one Y QSO(4) corresponds to
x2
t2u2v4
. Note
that the lowest contribution from the state with a GNO charge (1, 1, 0) could be classically
regarded as a Coulomb branch ZSU(2) whose breaking pattern corresponds to Spin(6) →
SU(2)×U(1)×U(1). This seems to contradict our analysis of the Coulomb branch. However,
this should be regarded as the product YSO(4)MSS¯ and is consistent with our analysis since
the low-energy SU(2) dynamics along ZSU(2) is unstable.
Table 3: 3d N = 2 Spin(6) gauge theory with F vectors, a spinor and a conjugate spinor
and its SU(F − 2) dual description. The top table corresponds to the electric theory while
the bottom one is magnetic.
Spin(6) SU(F ) U(1) U(1) U(1) U(1)R
Q 6 1 0 0 0
S 4 1 0 1 0 0
S¯ 4¯ 1 0 0 1 0
MQQ := QQ 1 2 0 0 0
MSS¯ := SS¯ 1 1 0 1 1 0
P2 := SQ
2S¯ 1 2 1 1 0
P3 := SQ
3S 1 3-th anti-symm. 3 2 0 0
P¯3 := S¯Q
3S¯ 1 3-th anti-symm. 3 0 2 0
P4 := SQ
4S¯ 1 4-th anti-symm. 4 1 1 0
B := Q6 1 6-th anti-symm. 6 0 0 0
YSO(4) 1 1 −2F −2 −2 2F − 4
Y
Q
SO(4) := YSO(4)Q
4 1 4-th anti-symm. 4− 2F −2 −2 2F − 4
SU(F − 2) SU(F ) U(1) U(1) U(1) U(1)R
q 2
F−2
1
F−2
1
F−2
0
q+ 1
F
F−2
1 + 1
F−2
−1 + 1
F−2
0
q− 1
F
F−2
−1 + 1
F−2
1 + 1
F−2
0
s¯ 1 − 2F
F−2
− 2
F−2
− 2
F−2
2
MQQ 1 2 0 0 0
MSS¯ 1 1 0 1 1 0
P2 ∼ qF−2 1 2 1 1 0
P3 ∼ qF−3q+ 1 3-th anti-symm. 3 2 0 0
P¯3 ∼ qF−3q− 1 3-th anti-symm. 3 0 2 0
P4 ∼ qF−4q+q− 1 4-th anti-symm. 4 1 1 0
YSO(4) ∼ s¯F−2 1 1 −2F −2 −2 2F − 4
Y˜ bare
SU(F−4)
U(1)2: −4(F − 4) 1 2F − 4FF−2 2−
F+2
F−2
2− F+2
F−2
10− 2F
Y˜ dressed := Y˜ bare
SU(F−4)
s¯F−4 1 1 0 −1 −1 2
B ∼ Y˜ bare
SU(F−4)
(s¯q)F−6W˜ 2α 1 6-th anti-symm. 6 0 0 0
Y Q
SO(4)
∼ Y˜ bare
SU(F−4)
s¯F−4s¯(s¯q)F−4 1 4-th anti-symm. 4− 2F −2 −2 2F − 4
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Finally, we discuss the Spin(5) flat direction by introducing a non-zero expectation value
such that rank 〈MQQ〉 = 2, which breaks Spin(7) to Spin(5). The electric description
becomes a 3d N = 2 Spin(5) gauge theory with F vectors Q and two spinors S, which is
equivalent to a USp(4) with F anti-symmetric tensors and two fundamental matters. The
non-abelian global symmetry is then enhanced to SU(F )×SU(2). The electric Higgs branch
is described by
MQQ := QQ, MSS := SS, P1A := SQS, P2S := SQ
2S
P3S := SQ
3S, P4A := SQ
4S, B := Q5,
whose quantum numbers are summarized in Table 4. In P1A and P4A, two spinors are
anti-symmertrized. The electric Coulomb branch, denoted by YSO(3), corresponds to the
gauge symmetry breaking so(5) → so(3) × u(1). We can also define the baryon-monopole
Y
Q
SO(3) := YSO(3)Q
3.
The magnetic side becomes a 3d N = 2 SU(F −1) gauge theory with F +1 fundamental
matters, a symmetric-bar tensor and two gauge-singlet mesonsMQQ andMSS. The magnetic
theory has a tree-level superpotential
Wmag =MQQs¯qq + s¯q
′q′ +MSSY˜
dressed, (2.22)
which decomposes fundamental matters into q and q′, reducing the global symmetry into
SU(F )× SO(3)× U(1)× U(1). The charge assignment of the magnetic fields is completely
fixed by this superpotential as listed in Table 4. The Higgs branch operators on the magnetic
side, which are not truncated by the F -flatness conditions, are mapped under the duality as
follows:
P1A ∼ qF−1, P2S ∼ qF−2q′, P3S ∼ qF−3q′2
P4S ∼ qF−4q′3, YSO(3) ∼ s¯F−1.
Notice that the operator s¯F−1 is mapped to the electric Coulomb branch YSO(3). We can
also find the correct matching of the magnetic Coulomb branch: The bare Coulomb branch
Y˜ bareSU(F−3) corresponds to the breaking SU(F −1)→ SU(F −3)×U(1)1×U(1)2 and its U(1)2
charge is computed as −4(F − 3). In order to construct gauge-invariants, we need to define
baryon-monopole operators
Y˜ dressed := Y˜ bareSU(F−3)s¯
F−3 (2.23)
B := Y˜ bareSU(F−3)(s¯q)
F−5W˜ 2α , (2.24)
where the first operator Y˜ dressed is eliminated due to the superpotential and the second one
is identified with the baryon B. The quantum numbers of these operators are summarized
in Table 4.
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Table 4: 3d N = 2 Spin(5) gauge theory with F vectors and two spinors and its dual
description. The top table shows an electric description while the bottom one corresponds
to the magnetic description.
Spin(5) SU(F ) SU(2) U(1) U(1) U(1)R
Q 5 1 1 0 0
S 4 1 0 1 0
MQQ := QQ 1 1 2 0 0
MSS := SS 1 1 1 0 2 0
P1A := SQS 1 1 1 2 0
P2S := SQ
2S 1 2 2 0
P3S := SQ
3S 1 3-th anti-symm. 3 2 0
P4A := SQ
4S 1 4-th anti-symm. 1 4 2 0
B := Q5 1 5-th anti-symm. 1 5 0 0
YSO(3) 1 1 1 −2F −4 2F − 2
Y
Q
SO(3) := YSO(3)Q
3 1 3-th anti-symm. 1 3− 2F −4 2F − 2
SU(F − 1) SU(F ) SO(3) U(1) U(1) U(1)R
q 1 1
F−1
2
F−1
0
q′ 1 F
F−1
2
F−1
0
s¯ 1 1 − 2F
F−1
− 4
F−1
2
MQQ 1 1 2 0 0
MSS 1 1 0 0 2 0
P1A ∼ qF−1 1 1 1 2 0
P2S ∼ qF−2q′ 1 2 2 0
P3S ∼ qF−3q′2 1 3-th anti-symm. 3 2 0
P4S ∼ qF−4q′3 1 4-th anti-symm. 1 4 2 0
YSO(3) ∼ s¯F−1 1 1 1 −2F −4 2F − 2
Y˜ bareSU(F−3) U(1)2: −4(F − 3) 1 1 2F −
4F
F−1
2− 8
F−1
8− 2F
Y˜ dressed := Y˜ bareSU(F−3)s¯
F−3 1 1 1 0 −2 2
B ∼ Y˜ bareSU(F−3)(s¯q)F−5W˜ 2α 1 5-th anti-symm. 1 5 0 0
For F = 2, the electric Spin(5) = USp(4) gauge theory exhibits s-confinement [44,54,55].
This is consistent with our duality since the dual gauge group vanishes when F = 2. This
serves as a quick consistency check of the duality. As another test of the duality, we can check
the superconformal indices for the F = 3 case. By using the localization technique [50–52],
we find that both the electric and magnetic descriptions give a consistent result
12
IF=3 = 1 + x
2/3
(
1
t6u4
+ 6t2 + u2
)
+ 3tu2x+ x4/3
(
1
t12u8
+
1
t6u2
+
6
t4u4
+ 21t4 + 15t2u2 + u4
)
+ x5/3
(
3
t5u2
+
1
t3u4
+ 21t3u2 + 3tu4
)
+ x2
(
1
t18u12
+
1
t12u6
+
6
t10u8
+ 56t6 +
1
t6
+ 75t4u2 +
6
t4u2
+ 21t2u4 +
21
t2u4
+ u6 − 13
)
+ x7/3
(
3
t11u6
+
1
t9u8
+ 81t5u2 +
3
t5
+ 45t3u4 +
10
t3u2
+ 3tu6 +
6
tu4
− 3u
2
t
− 12t
)
+ x8/3
(
1
t24u16
+
1
t18u10
+
6
t16u12
+
1
t12u4
+
6
t10u6
+
21
t8u8
+ 126t8 − 9
t6u4
+245t6u2 +
u2
t6
+ 150t4u4 +
6
t4
+ 21t2u6 +
15
t2u2
− 81t2 + u8 + 56
u4
− 36u2
)
+ x3
(
3
t17u10
+
1
t15u12
+
3
t11u4
+
10
t9u6
+
6
t7u8
+ 231t7u2 − 3
t7u2
+ 240t5u4 − 9
t5u4
+
3u2
t5
+ 55t3u6 − 76t3 + 10
t3
+ 3tu8 − 3u
4
t
+
21t
u4
− 81tu2 + 21
tu2
)
+ · · · , (2.25)
where t and u are the fugacities for the two U(1) global symmetries. The r-charges are set to
be rQ = rS =
1
4
for simplicity. The operator interpretation of each term is easily obtained:
In the second term x2/3
(
1
t6u4
+ 6t2 + u2
)
, there are three contributions YSO(3)+MQQ+MSS,
where the Coulomb branch YSO(3) comes from the state with a non-zero GNO charge. The
third term 3tu2x corresponds to P1A and its coefficient correctly explains the representation
under the non-abelian global symmetry. The composites P2S and P3S are represented as
9t2u2x4/3 and 3t3u2x5/3, respectively. The dressed Coulomb branch Y QSO(3) appears as
x5/3
t3u4
.
We confirmed this agreement of the indices up to O(x3).
2.1 3d SU(N) gauge theory with (N + 4) + and its Spin(7) dual
We can also construct an SU(N) Seiberg duality with a matter in a symmetric representation
by swapping roles of the electric and magnetic descriptions studied above. This can be
easily done by introducing two singlets M,Y dressed and an additional superpotential ∆W =
MMQQ + Y
dressedMSS in the magnetic theory (Table 2), which lifts the two mesons and
simplifies the superpotential. The low-energy limit becomes a 3d N = 2 SU(N) gauge
theory with N + 3 fundamental matters Q, a fundamental matter Q′ and a symmetric-bar
tensor S. For simplicity, we shifted the rank of the gauge group. The superpotential becomes
Wele = S¯Q
′Q′, (2.26)
where we used capital letters for labeling the elementary fields since the theory is now
“electric.” The Higgs branch is described by the following operators
M := S¯QQ, B := QN , B′ := QN−1Q′, U := det S¯. (2.27)
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Notice that the composite det S¯ is not truncated since the superpotential is simplified. We
next investigate the Coulomb branch: When the bare Coulomb branch Y bareSU(N−2) obtains a
non-zero vev, the gauge group is spontaneously broken to SU(N)→ SU(N − 2)× U(1)1 ×
U(1)2 and the branching rules of the matter fields become
→ 0,−2 + 11,N−2 + 1−1,N−2 (2.28)
→ 0,4 + −1,−N+4 + 1,−N+4 + 1−2,−2N+4 + 12,−2N+4 + 10,−2N+4 (2.29)
adj.→ adj.0,0 + 10,0 + 10,0 + 12,0 + 1−2,0
+ −1,−N + 1,−N + 1,N + −1,N , (2.30)
where the Coulomb branch is associated with the unbroken U(1)1 subgroup and its coordinate
is obtained by dualizing the U(1)1 vector superfield. The components charged under U(1)1
are massive along the flat direction Y bareSU(N−2). Since the matter content is “chiral,” the mixed
Chern-Simons term between U(1)1 and U(1)2 is generated due to these massive components.
Therefore, Y bareSU(N−2) has a non-zero U(1)2 charge [18]. We therefore need to define baryon-
monopole operators
Y dressed := Y bareSU(N−2) ( 0,4)
N−2 ∼ Y bareSU(N−2)S¯N−2 (2.31)
Y dressedQW := Y
bare
SU(N−2)( 0,2)
N−4
1,N −1,N ∼ Y bareSU(N−2)(S¯Q)N−4W 2α (2.32)
Y dressedQ := Y
bare
SU(N−2)( 0,2)
N−2( N−20,4 10,−2N+4) ∼ Y bareSU(N−2)(S¯Q)N−2(S¯N−2S¯). (2.33)
Note that these operators are not truncated by the superpotential.
Table 5: 3d N = 2 SU(N) gauge theory with (N + 4) +
SU(N) SU(N + 3) U(1) U(1) U(1)R
Q 1 0 0
Q′ 1 0 1 0
S¯ 1 0 −2 2
M := S¯QQ 1 2 −2 2
B := QN 1 3rd anti-symm. N 0 0
B′ := QN−1Q′ 1 4-th anti-symm. N − 1 1 0
U := det S¯ 1 1 0 −2N 2N
Y bare
SU(N−2)
U(1)2: −4(N − 2) 1 −N − 3 2N − 1 −2N + 6
Y dressed := Y bare
SU(N−2)
S¯N−2 1 1 −N − 3 3 2
Y dressedQW := Y
bare
SU(N−2)
(S¯Q)N−4WαWα 1 7-th anti-symm. −7 7 0
Y dressedQ := Y
bare
SU(N−2)
(S¯Q)N−2(S¯N−2S¯) 1 5-th anti-symm. −5 5− 2N 2N
The magnetic description becomes a 3dN = 2 Spin(7) gauge theory with N+3 vectors q,
one spinor s and two gauge-singletsM and Y dressed. Since the Spin(7) theory is “magnetic,”
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the elementary fields are represented by lowercase letters. The tree-level superpotential
becomes
Wmag =Mqq + Y
dressedss, (2.34)
which lifts all the magnetic mesons qq and ss. The charge assignment is completely fixed
by the superpotential. The operator identification under the duality is straightforwardly
followed from the previous analysis and it is summarized in Table 6.
Table 6: The magnetic Spin(7) gauge theory dual to Table 5
Spin(7) SU(N + 3) U(1) U(1) U(1)R
q 7 −1 1 0
s 8 1 N+3
2
−3
2
0
M 1 2 −2 2
Y dressed 1 1 −N − 3 3 2
B ∼ sq3s 1 3rd anti-symm. N 0 0
B′ ∼ sq4s 1 4-th anti-symm. N − 1 1 0
Y dressedQW ∼ q7 1 7-th anti-symm. −7 7 0
U ∼ Y˜SO(5) 1 1 0 −2N 2N
Y dressedQ ∼ Y˜SO(5)q5 1 5-th anti-symm. −5 5− 2N 2N
2.2 3d Spin(7) gauge theory with F vectors and 2 spinors
In this subsection, we will consider the Spin(7) duality with two spinor matters (see [32] for
the corresponding 4d duality). The electric description is a 3d N = 2 Spin(7) gauge theory
with F vectors Q and two spinors S. The global symmetry now becomes SU(F )× SU(2)×
U(1) × U(1) × U(1)R, where the SU(2) rotates two spinors. The quantum numbers of the
matter fields are summarized in Table 7. The Higgs branch operators are defined by
MQQ := Q
2, MSS := S
2, P3S := SQ
3S, P4S := SQ
4S, B := Q7
P1A := SQS, P2A := SQ
2S, P5A := SQ
5S, P6A := SQ
6S
where the color indices of S’s in P3S, P4S and MSS are symmetrized. On the second line,
the two spinor fields are anti-symmetrized. We summarized the quantum numbers of these
operators in Table 7.
In this example, there are two types of Coulomb branch operators, which is different
from the previous situation. The first Coulomb branch, denoted by YSO(5), is the same as
the previous one and corresponds to the breaking so(7) → so(5) × u(1). Along the YSO(5)
direction, the vector matters are reduced to massless vectors of so(5) while all the components
of the spinor matters are massive. The vacuum of the low-energy so(5) gauge theory can
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be made supersymmetric and stable by the massless components of the F vectors. Since
there are massless components of the vector matters, we can also define a dressed operator
Y
Q
SO(5) := YSO(5)Q
5, which is known as a baryon-monopole operator [26].
In Spin(7) gauge theories with more than one spinor, we need to take into account
another Coulomb branch [26,38]. We denote this flat direction by ZSO(3) whose expectation
value corresponds to the gauge symmetry breaking
so(7)→ so(3)× su(2)× u(1) (2.35)
7→ (3, 1)0 + (1, 2)±1 (2.36)
8→ (2, 2)0 + (2, 1)±1, (2.37)
where ZSO(3) is associated with the U(1) subgroup. Along the ZSO(3) direction, the vector
matter reduces to a massless component (3, 1)0. The theory only with vector matters has an
unstable (runaway) vacuum of the low-energy SU(2) pure SYM theory [16, 17, 37]. On the
other hand, the spinor matters reduce to (2, 2)0 which can make the low-energy so(3)×su(2)
vacuum stable and supersymmetric. For the theory with a single spinor, the origin of the
moduli space of the low-energy SU(2) theory is eliminated [16]. Therefore, the theory with
more than one spinor should have this flat direction. Similar to the first Coulomb branch,
we can also define a baryon-monopole operator
Z
Q
SO(3) := ZSO(3)((3, 1)0)
3 ∼ ZSO(3)Q3, (2.38)
where the color indices of Q3 is contracted by an epsilon tensor of so(3). This operator is
available when F ≥ 3.
For small flavors with F ≤ 3, we find confinement descriptions. From the symmetry
argument in Table 7, the effective superpotential becomes
W
eff
F=3 = ZSO(3)
[
M3QQM
2
SS +M
2
QQP
2
1A +MQQP
2
2A + P
2
3S
]
+ ZQSO(3) [P1AP2A +MSSP3S]
W
eff
F=2 = λ
[
ZSO(3)(M
2
QQM
2
SS +MQQP
2
1A + P
2
2A)− 1
]
W
eff
F=1 =
1
ZSO(3)(MQQM
2
SS + P
2
1A)
, W
eff
F=0 =
(
1
ZSO(3)M2SS
) 1
2
,
where λ is a Lagrange multiplier field. For F = 3, the theory exhibits an s-confinement
phase as studied in [38]. For F = 2, the moduli space is described by MQQ,MSS, P1A, P2A
and ZSO(3) with a single constraint. The constraint removes the origin of the moduli space
and then some of the global symmetries are inevitably broken. For F ≤ 1, the theory shows
a runaway superpotential and there is no stable supersymmetric vacuum.
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Table 7: 3d N = 2 Spin(7) gauge theory with F vectors and 2 spinors
Spin(7) SU(F ) SU(2) U(1) U(1) U(1)R
Q 7 1 1 0 0
S 8 1 0 1 0
MQQ := Q
2 1 1 2 0 0
MSS := S
2 1 1 0 2 0
P1A := SQS 1 1 1 2 0
P2A := SQ
2S 1 1 2 2 0
P3S := SQ
3S 1 3 2 0
P4S := SQ
4S 1 4-th anti-symm. 4 2 0
P5A := SQ
5S 1 5-th anti-symm. 1 5 2 0
P6A := SQ
6S 1 6-th anti-symm. 1 6 2 0
B := Q7 1 7-th anti-symm. 1 7 0 0
YSO(5) 1 1 1 −2F −8 2F − 2
ZSO(3) 1 1 1 −2F −4 2F − 4
Y
Q
SO(5) := YSO(5)Q
5 1 5-th anti-symm. 1 5− 2F −8 2F − 2
Z
Q
SO(3) := ZSO(3)Q
3 1 1 3− 2F −4 2F − 4
The magnetic description is given by a 3d N = 2 SU(F − 2) gauge theory with F + 3
fundamental matters, an anti-fundamental matter and a symmetric-bar tensor. The theory
includes the mesons MQQ,MSS and P1A as elementary fields, which are easily identified with
the electric mesons in Table 7. The magnetic theory has a tree-level superpotential
Wmag =MQQs¯qq + s¯q
′q′ + P1Aqq¯ +MSSq
′q¯ + Y˜ dressed, (2.39)
which distinguishes three fundamental quarks q′ from the other quarks q. Therefore, the
global symmetry becomes SU(F ) × SO(3) × U(1) × U(1) × U(1)R which is isomorphic
to the global symmetry on the electric side1. Notice that the charge assignment of the
magnetic elementary fields is completely determined by the above superpotential and hence
the matching of gauge-invariant operators becomes a non-trivial consistency check of the
duality. The last term in (2.39) is a dressed Coulomb branch operator which will be defined
below. The matching of the Higgs branch operators are obtained as follows:
P2A ∼ qF−2, P3S ∼ qF−3q′, P4S ∼ qF−4q′2, P5A ∼ qF−5q′3
ZSO(3) ∼ s¯F−2, YSO(5) ∼ s¯F−3q¯2, ZQSO(3) ∼ (s¯q)F−3q¯,
1The gauge-invariant operators defined above and below do not distinguish the difference between SU(2)
and SO(3). Therefore, the (faithful) global symmetry becomes SO(3) in the far-infrared limit.
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where the color indices are contracted by epsilon tensors of SU(F−2). The mesonic operators
on the magnetic side are all lifted by the superpotential.
When the bare Coulomb branch operator Y˜ bareSU(F−4) obtains a non-zero expectation value,
the gauge symmetry is spontaneously broken to
SU(F − 2)→ SU(F − 4)× U(1)1 × U(1)2 (2.40)
→ 0,−2 + 11,F−4 + 1−1,F−4 (2.41)
→ 0,2 + 1−1,−(F−4) + 11,−(F−4) (2.42)
→ 0,4 + −1,−F+6 + 1,−F+6 + 1−2,−2F+8 + 12,−2F+8 + 10,−2F+8 (2.43)
adj.→ adj.0,0 + 10,0 + 10,0 + 12,0 + 1−2,0
+ −1,−F+2 + 1,−F+2 + 1,F−2 + −1,F−2, (2.44)
where the Coulomb branch corresponds to the U(1)1 generator. Along the Coulomb branch
Y˜ bareSU(F−4), the components charged under the U(1)1 symmetry become massive and integrated
out. This results in a mixed Chern-Simons term between U(1)1 and U(1)2, which induces a
U(1)2 charge of Y˜
bare
SU(F−4) as in Table 8 . Therefore, we need to construct baryon-monopoles
for defining gauge-invariant operators. The dressed Coulomb branch operators are defined
as follows:
Y˜ dressed := Y˜ bareSU(F−4) ( 0,4)
F−4 ∼ Y˜ bareSU(F−4)s¯F−4 (2.45)
P6A := Y˜
bare
SU(F−4)( 0,2)
F−6
1,F−2 −1,F−2
∼ Y˜ bareSU(F−4)(s¯q)F−6W˜ 2α (2.46)
B := Y˜ bareSU(F−4)( 0,2)
F−7
0,2 1,F−2 −1,F−2
∼ Y˜ bareSU(F−4)(s¯q)F−7q¯W˜ 2α (2.47)
Y
Q
SO(5) := Y˜
bare
SU(F−4) ( 0,4)
F−5
0,410,−2F+8( 0,2)
F−5
0,2
∼ Y˜ bareSU(F−4)s¯F−5q¯2s¯(s¯q)F−5q¯, (2.48)
where the color indices of the matter chiral superfields are contracted by epsilon tensors of the
unbroken SU(F −4) subgroup. Notice that we can’t use s¯q′ for constructing gauge invariant
baryon-monopoles because of the F -term condition for q′. The first operator Y˜ dressed is
eliminated from the chiral ring elements due to the superpotential. The other operators are
correctly mapped to the electric operators as indicated in Table 8.
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Table 8: The magnetic description dual to Table 7
SU(F − 2) SU(F ) SO(3) U(1) U(1) U(1)R
q 1 2
F−2
2
F−2
0
q′ 1 F
F−2
2
F−2
0
q¯ 1 1 − F
F−2
−2− 2F−2 2
s¯ 1 1 − 2F
F−2
− 4
F−2
2
MQQ 1 1 2 0 0
MSS 1 1 0 2 0
P1A 1 1 1 2 0
P2A ∼ qF−2 1 1 2 2 0
P3S ∼ qF−3q′ 1 3 2 0
P4S ∼ qF−4q′2 1 4-th anti-symm. 4 2 0
P5A ∼ qF−5q′3 1 5-th anti-symm. 1 5 2 0
ZSO(3) ∼ s¯F−2 1 1 1 −2F −4 2F − 4
YSO(5) ∼ s¯F−3q¯2 1 1 1 −2F −8 2F − 2
Z
Q
SO(3) ∼ (s¯q)F−3q¯ 1 3− 2F −4 2F − 4
Y˜ bareSU(F−4) U(1)2: −4(F − 4) 1 1 2F − 4−
8
F−2
4− 8
F−2
−2F + 10
Y˜ dressed := Y˜ bareSU(F−4)s¯
F−4 1 1 1 0 0 2
P6A ∼ Y˜ bareSU(F−4)(s¯q)F−6W˜ 2α 1 6-th anti-symm. 1 6 2 0
B ∼ Y˜ bareSU(F−4)(s¯q)F−7q¯W˜ 2α 1 7-th anti-symm. 1 7 0 0
Y Q
SO(5)
∼ Y˜ bare
SU(F−4)
s¯F−5q¯2s¯(s¯q)F−5q¯ 1 5-th anti-symm. 1 5− 2F −8 2F − 2
Finally, we will test the superconformal indices for the F = 4 case which is simple enough
to explicitly compute since the dual gauge group becomes SU(2). On both the electric and
magnetic sides, we obtained the following result:
IF=4 = 1 + x
1/2
(
10t2 + 3u2
)
+ 4tu2x3/4 + x
(
1
t8u4
+ 55t4 + 36t2u2 + 6u4
)
+ x5/4
(
52t3u2 + 12tu4
)
+ x3/2
(
3
t8u2
+
10
t6u4
+ 220t6 + 228t4u2 + 88t2u4 + 10u6
)
+ x7/4
(
4
t7u2
+
4
t5u4
+ 340t5u2 + 176t3u4 + 24tu6
)
+ x2
(
1
t16u8
+
1
t8u8
+ 715t8 +
6
t8
+ 1020t6u2 +
36
t6u2
+ 684t4u4 +
55
t4u4
+ 166t2u6 + 15u8 − 20
)
+ · · · ,
(2.49)
where t and u are the fugacities for the vector and spinor U(1) symmetries. The r-charges
are set to be rQ = rS =
1
4
for simplicity. One can easily check the agreement of the indices for
other r-charges. We verified the agreement up to O(x2). The second term x1/2 (10t2 + 3u2)
corresponds to the two mesons MQQ +MSS. The third term 4tu
2x3/4 is regarded as P1A.
The fourth term x
(
1
t8u4
+ 55t4 + 36t2u2 + 6u4
)
includes ZSO(3) +M
2
QQ +MQQMSS + P2A +
M2SS, where M
2
QQ and M
2
SS are symmetric products. The fifth term x
5/4 (52t3u2 + 12tu4) is
identified with MQQP1A + P3S +MSSP1A. The remaining operators P4S, YSO(5) and Z
Q
SO(3)
are represented as 3t4u2x3/2, x
2
t8u8
and x
7/4
t5u4
, respectively.
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3 3d Spin(8) Seiberg duality
In this section, we will study the Seiberg duality for the Spin(8) gauge group with spinor
and vector matters. The corresponding 4d dualities were investigated in [29, 32]. Here, we
propose its 3d version. The electric description is a 3d N = 2 Spin(8) gauge theory with
F vectors Q and a spinor S. The spinor is denoted as 8s. This theory is completely the
same as the 4d theory except for the fact that the global symmetry is enhanced due to the
absence of chiral anomalies. Table 9 summarizes the charge assignment of the elementary
fields under the local and global symmetries. The Higgs branch is described by the following
gauge-invariant operators
MQQ := Q
2, MSS := S
2, P4 := SQ
4S, B := Q8, (3.1)
where P4 is available for F ≥ 4 and B is defined only for F ≥ 8. The flavor indices of P4
and B are anti-symmetrized. The mesons MQQ and MSS will become elementary fields in a
magnetic theory.
Next, we study the Coulomb moduli space of the Spin(8) gauge theory. For the descrip-
tion of the s-confinement (the F = 5 case), the Coulomb branch was studied in [39] (see
also [26, 27]). When the Coulomb branch operator YSO(6) obtains an expectation value, the
gauge group is spontaneously broken as
so(8)→ so(6)× u(1) (3.2)
8v → 60 + 12 + 1−2 (3.3)
8s → 41 + 4−1 (3.4)
8c → 4−1 + 41, (3.5)
where we also listed a branching rule for a conjugate spinor 8c representation for the sake
of Section 3.2. The Coulomb branch YSO(6) is associated with the unbroken U(1) subgroup.
All the components of the (conjugate) spinor representations are massive along the YSO(6)
Coulomb branch and do not contribute to the far-infrared physics. As a result, for theories
only with (conjugate) spinor matters, the YSO(6) branch obtains a runaway potential W =∑
i=1,2,3
1
Yi
from the fundamental monopoles of U(1)3 ⊂ Spin(6) [16,17,37]. Therefore, YSO(6)
is eliminated from the moduli space for theories with only spinor matters. On the other hand,
a vector representation reduces to a massless vector of the unbroken SO(6) gauge dynamics.
Therefore, the vacuum of the low-energy SO(6) gauge theory can be made supersymmetric
and stable (no runaway potential generated). In addition to this bare operator YSO(6), we
can also define a baryon-monopole operator
Y
Q
SO(6) := YSO(6) (60)
6 ∼ YSO(6)Q6, (3.6)
where the color indices of Q6 are contracted by an epsilon tensor of SO(6). Y QSO(6) is avail-
able for F ≥ 6. The quantum numbers of the Higgs and Coulomb branch operators are
summarized in Table 9.
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For small flavors F ≤ 5, we find confinement phases where the low-energy dynamics is
described by the effective superpotential
W
eff
F=5 = YSO(6)
(
M5QQM
2
SS +MQQP
2
4
)
(3.7)
W
eff
F=4 = λ
[
YSO(6)
(
M4QQM
2
SS + P
2
4
)− 1] (3.8)
W
eff
F≤3 =
(
1
YSO(6)M
F
QQM
2
SS
) 1
4−F
, (3.9)
where λ is a Lagrange multiplier field. For F = 5, the theory exhibits s-confinement as
studied in [39]. The low-energy dynamics is described by MQQ,MSS, P4 and YSO(6) and
there is no singularity at the origin of moduli space. For F = 4, these operators have one
quantum constraint which removes the origin of the moduli space and we can remove one
coordinate. For F ≤ 3, the effective superpotential becomes runaway and there is no stable
supersymmetric vacuum.
Table 9: 3d N = 2 Spin(8) gauge theory with F vectors and a spinor
Spin(8) SU(F ) U(1) U(1) U(1)R
Q 8v 1 0 0
S 8s 1 0 1 0
MQQ := Q
2 1 2 0 0
MSS := S
2 1 1 0 2 0
P4 := SQ
4S 1 4-th anti-symm. 4 2 0
B := Q8 1 8-th anti-symm. 8 0 0
YSO(6) 1 1 −2F −4 2F − 8
Y
Q
SO(6) := YSO(6)Q
6 1 6-th anti-symm. 6− 2F −4 2F − 8
Next, we move on to the magnetic description which is given by a 3d N = 2 SU(F − 4)
gauge theory with F fundamental matters q, a symmetric-bar tensor s¯ and two gauge-singlet
mesons MQQ and MSS. These two singlets are straightforwardly identified with the electric
counterparts. The magnetic theory has a tree-level superpotential
Wmag =MQQs¯qq +MSSY˜
dressed. (3.10)
Note that the last term in the superpotential is again slightly different from the 4d one and
that this difference is important to find a correct operator mapping which will be discussed
in what follows. The definition of the dressed Coulomb branch Y˜ dressed will be given below.
The consistency of the above superpotential completely fixes the charge assignment of the
magnetic elementary fields as in Table 10. By comparing the gauge-invariant composites in
Table 9 and Table 10, we can easily find the following matching
YSO(6) ∼ det s¯, P4 ∼ qF−4. (3.11)
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Notice that (s¯q)F−4 cannot be an independent operator.
As in the previous section, we can similarly study the Coulomb branch coordinates by
carefully flowing to the semi-classical region of the Coulomb branch. When the bare Coulomb
branch Y˜ bareSU(F−6) obtains a (large) non-zero vev, the gauge group is spontaneously broken to
SU(F − 4)→ SU(F − 6)× U(1)1 × U(1)2 (3.12)
→ 0,−2 + 11,F−6 + 1−1,F−6 (3.13)
→ 0,4 + −1,−F+8 + 1,−F+8 + 1−2,−2F+12 + 12,−2F+12 + 10,−2F+12 (3.14)
adj.→ adj.0,0 + 10,0 + 10,0 + 12,0 + 1−2,0
+ −1,−F+4 + 1,−F+4 + 1,F−4 + −1,F−4, (3.15)
where Y˜ bareSU(F−6) is associated with the unbroken U(1)1 subgroup. By following the same
argument as the previous section, the dressed gauge-invariant operators are defined as
Y˜ dressed := Y˜ bareSU(F−6)( 0,4)
F−6 ∼ Y˜ bareSU(F−6)s¯F−6 (3.16)
B := Y˜ bareSU(F−6)( 0,2)
F−8
1,F−4 −1,F−4 ∼ Y˜ bareSU(F−6)(s¯q)F−8W˜αW˜α (3.17)
YSO(6),Q := Y˜
bare
SU(F−6)( 0,2)
F−6( 0,4)
F−610,−2F+12 ∼ Y˜ bareSU(F−6)(s¯q)F−6(s¯F−6s¯), (3.18)
where the color indices of the matter chiral superfields are contracted by epsilon tensors of
the SU(F − 6) gauge group.
Table 10: The magnetic description dual to Table 9
SU(F − 4) SU(F ) U(1) U(1) U(1)R
q 4
F−4
2
F−4
0
s¯ 1 −2F
F−4
−4
F−4
2
MQQ 1 2 0 0
MSS 1 1 0 2 0
YSO(6) ∼ det s¯ 1 1 −2F −4 2F − 6
P4 ∼ qF−4 1 4-th anti-symm. 4 2 0
Y˜ bareSU(F−6) U(1)2: −4(F − 6) 1 2F − 4FF−4 4− 2FF−4 −2F + 14
Y˜ dressed := Y˜ bare
SU(F−6)
s¯F−6 1 1 0 −2 2
Y Q
SO(6)
∼ Y˜ bare
SU(F−6)
s¯F−6s¯(s¯q)F−6 1 6-th anti-symm. 6− 2F −4 2F − 8
B ∼ Y˜ bare
SU(F−6)
(s¯q)F−8W˜ 2α 1 8-th anti-symm. 8 0 0
We can study various consistency checks of the duality between Table 9 and Table 10.
First, we introduce a non-zero vev to MSS and study its induced flow. On the electric side,
the gauge group is higgsed into Spin(7) and the vector matters are transformed into Spin(7)
spinors. The spinor matter is eaten via the Higgs mechanism and then we obtain a 3d N = 2
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Spin(7) gauge theory with F spinors. On the magnetic side, the vev for MSS brings the
superpotential to the following form
Wmag =MQQs¯qq + Y˜
dressed, (3.19)
where we rescaled the dressed Coulomb branch and absorbed the vev 〈MSS〉. This flow
correctly reproduces the 3d Spin(7) duality which was studied in [53].
When 〈MQQ〉 obtains a rank-1 vacuum expectation value, the electric gauge group is
higgsed to Spin(7) and one vector matter is eaten. On the magnetic side, the fundamental
matters are decomposed into F − 1 quarks q and a single quark q′. The magnetic superpo-
tential is decomposed into
Wmag =MQQs¯qq + s¯q
′q′ +MSSY˜
dressed (3.20)
and thus we reproduce the duality studied in the previous section.
Next, we consider adding a complex mass to a single vector matter, let’s say W =
mQFQF = mMFFQQ . On the electric side, the vector matter Q
F is integrated out, which
results in a shift F → F − 1. On the magnetic side, W = mMFFQQ breaks the gauge group
into SU(F−5) and reduces the number of fundamental quarks by one. Therefore, the duality
is correctly preserved via a complex mass W = mQQ = mMQQ with a shift of F .
Alternatively, we can also introduce a complex mass as ∆W = mSS = mMSS. On
the electric side, the spinor matter is integrated out and the low-energy limit becomes a
3d N = 2 Spin(8) gauge theory with F vectors. On the magnetic side, the mass term
corresponds to the higgsing 〈Y˜ dressed〉 = −m. Since Y˜ dressed is a composite of Y˜ bareSU(F−6) and
s¯F−6, the magnetic gauge group is broken as
SU(F − 4)→ S(U(F − 6)× U(1)1 × U(1)2) (3.21)
→ S(O(F − 6)× U(1)1) ∼= S(O(F − 6)×O(2)), (3.22)
where the first breaking is induced by Y bareSU(F−6) and the second breaking is from s¯
F−6. There
is no dynamical quark under the O(2) gauge group and then the O(2) part can be dualized
to a single chiral superfield Y −O(2) which is charged under the charge conjugation symmetry of
S(O(F − 6)×O(2)). The low-energy theory can be regarded as a 3d N = 2 O(F − 6) gauge
theory with F vector and Y −O(2), where Y
−
O(2) is odd under Z2 ⊂ O(F − 6). The magnetic
superpotential becomes
Wmag =MQQqq + Y
−
O(2)Y˜
−
O(F−6), (3.23)
where the second term is a Affleck-Harvey-Witten type superpotential generated via the
breaking SU(F − 4) → S(O(F − 6) × O(2)). Y˜ −O(F−6) is a Coulomb branch operator of
O(F − 6). This duality was studied in [26] and verifies consistency of our duality.
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3.1 3d SU(N) gauge theory with (N + 4) +
By swapping the electric and magnetic descriptions, we can construct a 3d duality between
SU(N) and Spin(8) gauge groups with a symmetric tensor. This duality can be easily
obtained from the previous one by introducing two gauge singlets (M and Y dressed) and
adding a flipping superpotential (3.32) to the electric Spin(8) gauge theory in Table 9. The
superpotential lifts the vector and spinor mesons in the Spin(8) theory. By adding the same
superpotential on the magnetic side and by integrating out the massive modes, we obtain
the following duality.
The electric description is a 3d N = 2 SU(N) gauge theory with N + 4 fundamental
matters Q and a symmetric-bar tensor S¯, where we replaced the size of the gauge group
from F − 4 to N for simplicity. We used uppercase letters for representing the elementary
fields since this theory is now “electric.” Since there is no superpotential, the Higgs branch
operators are not truncated and described by
M := S¯QQ, B := QN , U := det S¯. (3.24)
As with the previous analysis, the bare Coulomb branch, denoted by Y bareSU(N−2), corre-
sponds to the breaking
SU(N)→ SU(N − 2)× U(1)1 × U(1)2 (3.25)
→ 0,−2 + 11,N−2 + 1−1,N−2 (3.26)
→ 0,4 + −1,−N+4 + 1,−N+4 + 1−2,−2N+4 + 12,−2N+4 + 10,−2N+4 (3.27)
adj.→ adj.0,0 + 10,0 + 10,0 + 12,0 + 1−2,0
+ −1,−N + 1,−N + 1,N + −1,N , (3.28)
where the Coulomb branch is associated with the U(1)1 subgroup and the components
charged under U(1)1 become massive along 〈Y bareSU(N−2)〉 6= 0. Due to the mixed Chern-Simons
term between U(1)1 and U(1)2, Y
bare
SU(N−2) obtains a non-zero U(1)2 charge (see Table 11). In
order to describe the moduli space in a gauge-invariant way, we need to define the dressed
Coulomb branch operators
Y dressed := Y bareSU(N−2)( 0,4)
N−2 ∼ Y bareSU(N−2)S¯N−2 (3.29)
YW := Y
bare
SU(N−2)( 0,2)
N−4
1,N −1,N ∼ Y bareSU(N−2)(S¯Q)N−4W 2α (3.30)
YQ := Y
bare
SU(N−2)( 0,4)
N−210,−2N+4( 0,2)
N−2 ∼ Y bareSU(N−2)S¯N−2S¯(S¯Q)N−2 (3.31)
Notice that these operators are not truncated at all since there is no superpotential in this
electric theory. The quantum numbers of these operators are summarized in Table 11.
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Table 11: 3d N = 2 SU(N) gauge theory with (N + 4) +
SU(N) SU(N + 4) U(1) U(1) U(1)R
Q 1 0 0
S¯ 1 0 1 0
M := S¯QQ 1 2 1 0
B := QN 1 4-th anti-symm. N 0 0
U := det S¯ 1 1 0 N 0
Y bareSU(N−2) U(1)2: −4(N − 2) 1 −N − 4 −N 6
Y dressed := Y bareSU(N−2)S¯
N−2 1 1 −N − 4 −2 6
YW := Y
bare
SU(N−2)(S¯Q)
N−4W 2α 1 8-th anti-symm. −8 −4 8
YQ := Y
bare
SU(N−2)S¯
N−2S¯(S¯Q)N−2 1 6-th anti-symm. −6 N − 3 6
The magnetic description is given by a 3d N = 2 Spin(8) gauge theory with F vectors
q and a spinor s in addition to two gauge singlets M and Y dressed. The quantum numbers
of the magnetic elementary fields are summarized in Table 12. The theory has a tree-level
superpotential
Wmag =Mqq + Y
dressedss, (3.32)
which removes the magnetic mesons from the chiral ring elements. As for the Higgs branch,
we have to include sq4s and q8. The magnetic Coulomb branch YSO(6) is completely the same
as the previous analysis and corresponds to the breaking so(8) → so(6) × u(1). Under the
duality transformation, these gauge invariant operators are mapped as follows:
B := QN ∼ sq4s, YW ∼ q8, U ∼ YSO(6), YQ ∼ YSO(6)q6, (3.33)
which is consistent with our duality proposal (compare Table 11 and Table 12).
Table 12: The magnetic description dual to Table 11
Spin(8) SU(N + 4) U(1) U(1) U(1)R
q 8v −1 −12 1
s 8s 1
N+4
2
1 −2
M 1 2 1 0
Y dressed 1 1 −N − 4 −2 6
B ∼ sq4s 1 4-th anti-symm. N 0 0
YW ∼ q8 1 8-th anti-symm. −8 −4 8
U ∼ YSO(6) 1 1 0 N 0
YQ ∼ YSO(6)q6 1 6-th anti-symm. −6 N − 3 6
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Let us consider the N = 2 case where the electric gauge group becomes SU(2) and a
symmetric representation is equivalent to adjoint. We should be careful that the Coulomb
branch YSU(2), which corresponds to the breaking SU(2)→ U(1) (no U(1)2), does not need
“dressing.” Along the YSU(2) direction, the adjoint matter reduces to 3 → 12 + 10 + 1−2.
Therefore, we can define the dressed operator YS¯ := YSU(2)10 ∼ YSU(2)S¯. The magnetic
dual is given by the 3d N = 2 Spin(8) gauge theory with six vectors and a spinor. The
superpoetntial becomes Wmag =Mqq + YSU(2)ss. We can see the validity of this duality, for
example, by flowing to an extended N = 4 supersymmetric theory. This can be achieved as
follows: On the electric side, we add a cubic superpotential ∆Wele =
∑6
i=1 S¯QiQi and the
theory becomes a 3d N = 4 SU(2) gauge theory with six doublets (three hypermultiplets
in a doublet representation). The non-abelian global symmetry becomes SO(6). On the
magnetic side, the deformation corresponds to ∆Wmag =
∑6
i=1Mii and breaks the gauge
group to Spin(2) ∼= U(1). The low-energy superpotential becomes Wmag = YSU(2)
∑4
i s¯is
i,
which also has an extended N = 4 supersymmetry and an SU(4) global symmetry. This
duality was studied in [56]. As a simple test of this 3d N = 4 duality2, we can easily see
that these two theories have the same Hilbert series [57, 59–61] for the Higgs and Coulomb
branches:
HSHiggs =
1 + 9t2 + 9t4 + t6
(1− t2)6
= 1 + 15t2 + 84t4 + 300t6 + 825t8 + 1911t10 + 3920t12 + 7344t14 + 12825t16 + · · ·
(3.34)
HSCoulomb =
1− t4
(1− t)(1− t2)(1− t2)
= 1 + t + 3t2 + 3t3 + 5t4 + 5t5 + 7t6 + 7t7 + 9t8 + 9t9 + 11t10 + 11t11 + 13t12 + · · ·
(3.35)
3.2 Spin(8) with a spinor and a conjugate spinor
In this subsection, we propose a dual description for the 3d N = 2 Spin(8) gauge theory
with F vectors 8v, a spinor 8s and a conjugate spinor 8c. It is known that the s-confinement
phase appears when F = 4 (see the reference [39]). The corresponding 4d duality was studied
in [32]. The Higgs branch operators are similar to the previous subsection and are defined
2The electric and magnetic theories have been studied because of the fact that these theories have the same
Higgs moduli space for an SU(4) ∼= SO(6) instanton [57,58]. Instead, by considering the N SU(4) ∼= SO(6)
instantons, we can conjecture the generalized 3d N = 4 duality as follows: The SU(2) side is generalized to a
3dN = 4 USp(2N) gauge theory with one (trace-full) antisymmetric and three fundamental hypermultiplets,
which is dual to a 3d N = 4 U(N) gauge theory with one adjoint and four fundamental hypermultiplets. By
computing the superconformal indices, we checked the generalized duality for N = 1 and N = 2. We would
like to thank Prof. Yuji Tachikawa for helpful comments on this generalization. See for example a recent
related study [59].
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as follows:
MQQ := QQ, MSS := SS, MS′S′ := SS, P1 := SQS
′
P3 := SQ
3S ′, P4 := SQ
4S, P ′4 := S
′Q4S ′, P5 := SQ
5S ′, P7 := SQ
7S ′, B := Q8.
On the second line, the color (and hence the flavor) indices of Q’s are anti-symmetrized.
The mesonic operators on the first line (including P1) will become elementary fields in the
magnetic description discussed below.
For the Coulomb branch of the moduli space, we need to take into account two types
of flat directions due to two spinorial matters. This situation is different from the previous
analysis. One of them is identical to the previous one YSO(6) and corresponds to the breaking
so(8)→ so(6)× u(1). Along the YSO(6) flat direction, all the components of the spinor and
conjugate spinor matters are massive while the vector remains massless as 60. Since there are
massless vectors in the low-energy SO(6) gauge theory, there is no runaway superpotential
generated by the monopole-instantons of U(1)3 ⊂ SO(6). The additional Coulomb branch,
which is denoted by ZSO(4), corresponds to the following breaking
so(8)→ so(4)× su(2)× u(1) (3.36)
8v → (4, 1)0 + (1, 2)±1 (3.37)
8s → (2, 2)0 + (2′, 1)±1 (3.38)
8c → (2′, 2)0 + (2, 1)±1 (3.39)
where the chiral superfield ZSO(4) can be obtained by dualizing the unbroken U(1) vector
superfield. In so(4) ∼= su(2) × su(2), there are two spinor representations, 2 and 2′. The
vacuum of the low-energy SO(4) dynamics can be made supersymmetric by the massless
components (4, 1)0 while the vacuum of the SU(2) gauge theory can be stable due to (2, 2)0
and (2′, 2)0. For theories with a single spinor (or a conjugate spinor), the low-energy SU(2)
dynamics has a quantum-deformed constraint between the Coulomb and Higgs branch co-
ordinates and then the Coulomb branch can be eliminated. Therefore, the theories with
more than one (conjugate) spinor has this flat direction ZSO(4). By using the bare monopole
operators YSO(6) and ZSO(4), we can also define the baryon-monopole operators
Y
Q
SO(6) := YSO(6) (60)
6
∼ YSO(6)Q6 (3.40)
Z
Q
SO(4) := ZSO(4) ((4, 1)0)
4
∼ ZSO(4)Q4, (3.41)
where the color indices of Q6 and Q4 are contracted by epsilon tensors of the SO(6) and
SO(4) groups, respectively. The quantum numbers of these operators are summarized in
Table 13.
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Table 13: 3d N = 2 Spin(8) gauge theory with (Nv, Ns, Nc) = (F, 1, 1)
Spin(8) SU(F ) U(1) U(1) U(1) U(1)R
Q 8v 1 0 0 0
S 8s 1 0 1 0 0
S ′ 8c 1 0 0 1 0
MQQ := QQ 1 2 0 0 0
MSS := SS 1 1 0 2 0 0
MS′S′ := S
′S ′ 1 1 0 0 2 0
P1 := SQS
′ 1 1 1 1 0
P3 := SQ
3S ′ 1 3rd anti-symm. 3 1 1 0
P4 := SQ
4S 1 4-th anti-symm. 4 2 0 0
P ′4 := S
′Q4S ′ 1 4-th anti-symm. 4 0 2 0
P5 := SQ
5S ′ 1 5-th anti-symm. 5 1 1 0
P7 := SQ
7S ′ 1 7-th anti-symm. 7 1 1 0
B := Q8 1 8-th anti-symm. 8 0 0 0
YSO(6) 1 1 −2F −4 −4 2F − 4
ZSO(4) 1 1 −2F −2 −2 2F − 6
Y
Q
SO(6) := YSO(6)Q
6 1 6-th anti-symm. 6− 2F −4 −4 2F − 4
Z
Q
SO(4) := ZSO(4)Q
4 1 4-th anti-symm. 4− 2F −2 −2 2F − 6
The magnetic description is given by a 3d N = 2 SU(F − 3) gauge theory with F + 2
fundamental matters, an anti-fundamental matter and a symmetric-bar tensor. In addition
to these quarks, the theory contains four gauge-singlets MQQ,MSS,MS′S′ and P1 which
are identified with the electric meson operators in Table 13. The theory has a tree-level
superpotential
Wmag =MQQs¯qq + s¯q
′q′′ +MSSq
′′q¯ +MS′S′q
′q¯ + P1qq¯ + Y˜
dressed, (3.42)
which decomposes the fundamental matters into three groups q, q′ and q′′. The global sym-
metry reduces to SU(F ) × U(1) × U(1) × U(1) × U(1)R which is identical to the electric
symmetry. The charge assignment of the dual fields is completely fixed by the above super-
potential as in Table 14. Therefore, the matching of the gauge-invariant operators becomes
a non-trivial test of the duality. We begin with the study of mapping the Higgs branch
operators. On the magnetic side, we can define the following gauge-invariant coordinates
and find the matching
P3 ∼ qF−3, P4 ∼ qF−4q′, P4 ∼ qF−4q′, P ′4 ∼ qF−4q′′
P5 ∼ qF−5q′q′′, ZSO(4) ∼ s¯F−3, YSO(6) ∼ s¯F−4q¯2, ZQSO(4) ∼ (s¯q)F−4q¯,
where the operators including s¯ are transformed into the electric Coulomb branches under
the duality. Notice that (s¯q)F−3 ∼ det s¯ qF−3 cannot be an independent operator and also
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that s¯q′ and s¯q′′ are eliminated from the chiral ring elements due to the F -flatness conditions
of the superpotential. All the magnetic mesons are lifted due to the F -flatness conditions as
well.
We will next consider the Coulomb branch: When the magnetic Coulomb branch Y˜ bareSU(F−5)
obtains a non-zero expectation value, the gauge group is spontaneously broken to
SU(F − 3)→ SU(F − 5)× U(1)1 × U(1)2 (3.43)
→ 0,−2 + 11,F−5 + 1−1,F−5 (3.44)
→ 0,2 + 1−1,−(F−5) + 11,−(F−5) (3.45)
→ 0,4 + −1,−F+7 + 1,−F+7
+ 1−2,−2F+10 + 12,−2F+10 + 10,−2F+10 (3.46)
adj.→ adj.0,0 + 10,0 + 10,0 + 12,0 + 1−2,0
+ −1,−F+3 + 1,−F+3 + 1,F−3 + −1,F−3, (3.47)
where Y˜ bareSU(F−5) corresponds to the U(1)1 generator. The decomposed components obtain real
masses proportional to their U(1)1 charges. By integrating out the massive components, this
branch obtains a non-zero mixed Chern-Simons term k
U(1)1U(1)2
eff = 4(F − 5). As a result, the
bare Coulomb branch Y˜ bareSU(F−5) has a U(1)2 charge −kU(1)1U(1)2eff . See Table 14 for quantum
numbers of Y˜ bareSU(F−5).
In order to describe the Coulomb branch, we need gauge-invariant operators consisting
of the Coulomb branch. By combining the bare Coulomb and Higgs branch operators, we
can define the following (gauge-invariant) baryon-monopole operators
Y˜ dressed := Y˜ bareSU(F−5)( 0,4)
F−5
∼ Y˜ bareSU(F−5)s¯F−5 (3.48)
Y
Q
SO(6) := Y˜
bare
SU(F−5)( 0,4)
F−6( 0,2)
210,−2F+10( 0,2)
F−6
0,2
∼ Y˜ bareSU(F−5)s¯F−6q¯2s¯(s¯q)F−6q¯ (3.49)
P7 := Y˜
bare
SU(F−5)( 0,2)
F−7
1,F−3 −1,F−3
∼ Y˜ bareSU(F−5)(s¯q)F−7W˜ 2α (3.50)
B := Y˜ bareSU(F−5)( 0,2)
F−8
0,2 1,F−3 −1,F−3
∼ Y˜ bareSU(F−5)(s¯q)F−8q¯W˜ 2α (3.51)
where the color indices of the mattter chiral superfields are contracted by epsilon tensors of
the unbroken SU(F − 5) group. Y˜ dressed is lifted due to the superpotential. The quantum
numbers of these operators are summarized in Tbale 14 and this confirms the operator
mapping. This can be seen as a validity check of our duality proposal.
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Table 14: The magnetic SU(F − 3) gauge theory dual to Table 13
SU(F − 3) SU(F ) U(1) U(1) U(1) U(1)R
q 3
F−3
1
F−3
1
F−3
0
q′ 1 F
F−3
1 + 1F−3 −1 + 1F−3 0
q′′ 1 F
F−3
−1 + 1F−3 1 + 1F−3 0
q¯ 1 − F
F−3
−1− 1F−3 −1− 1F−3 2
s¯ 1 − 2F
F−3
− 2
F−3
− 2
F−3
2
MQQ 1 2 0 0 0
MSS 1 1 0 2 0 0
MS′S′ 1 1 0 0 2 0
P1 1 1 1 1 0
P3 ∼ qF−3 1 3-th anti-symm. 3 1 1 0
P4 ∼ qF−4q′ 1 4-th anti-symm. 4 2 0 0
P ′4 ∼ qF−4q′′ 1 4-th anti-symm. 4 0 2 0
P5 ∼ qF−5q′q′′ 1 5-th anti-symm. 5 1 1 0
ZSO(4) ∼ s¯F−3 1 1 −2F −2 −2 2F − 6
YSO(6) ∼ s¯F−4q¯2 1 1 −2F −4 −4 2F − 4
Z
Q
SO(4) ∼ (s¯q)F−4q¯ 1 4-th anti-symm. 4− 2F −2 −2 2F − 6
Y˜ bareSU(F−5) U(1)2: −4(F − 5) 1 2F − 1−
3F+3
F−3
3− F+1
F−3
3− F+1
F−3
−2F + 12
Y˜ dressed := Y˜ bareSU(F−5)s¯
F−5 1 1 0 0 0 2
Y
Q
SO(6) ∼ Y˜ bareSU(F−5)s¯F−6q¯2s¯(s¯q)F−6q¯ 1 6-th anti-symm. 6− 2F −4 −4 2F − 4
P7 ∼ Y˜ bareSU(F−5)(s¯q)F−7W˜ 2α 1 7-th anti-symm. 7 1 1 0
B ∼ Y˜ bareSU(F−5)(s¯q)F−8q¯W˜ 2α 1 8-th anti-symm. 8 0 0 0
Several consistency checks are in order: First, this duality can go back to the Spin(8)
duality with a spinor matter by introducing a complex mass W = mS ′S ′ to the conjugate
spinor and integrating out it. On the magnetic side, the same mass leads to 〈q′q¯〉 = −m
which breaks the gauge group to SU(F − 4) and one flavor (q′ and q¯) is eaten via the Higgs
mechanism. By solving the F -flatness conditions, we find that qF−3, q′′ and s¯F−3,a (a =
1, · · · , F − 4) are massive and that the low-energy theory has the following massless degrees
of freedom
ˆ¯s := s¯ab (a, b = 1. · · · , F − 4) (3.52)
s¯singlet := s¯F−3,F−3 = −MSS (3.53)
qˆai := q
a
i (a = 1, · · · , F − 4. i = 1, · · · , F ), (3.54)
where i denotes the flavor index and a, b are color indices. The component s¯F−3,F−3 is iden-
tified with the spinor meson MSS. Therefore, the high-energy dressed operator Y˜
dressed :=
Y˜ bareSU(F−5)s¯
F−5 flows to MSSY˜
dressed
low , where Y˜
dressed
low := Y˜
bare
SU(F−3)
ˆ¯sF−6 . The low-energy super-
potential becomes
W lowmag =MQQ ˆ¯sqˆqˆ +MSSY˜
dressed
low , (3.55)
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which reproduces the Spin(8) duality with F vectors and a spinor.
Next, let us consider adding a non-zero vev to MQQ such that rank 〈MQQ〉 = 1. On the
electric side, the gauge group is broken to Spin(7). The spinor 8s (and also 8c) reduces to a
Spin(7) spinor. We thus obtain a 3d N = 2 Spin(7) gauge theory with F vectors and two
spinors, where we shifted F → F + 1 for simplicity. On the magnetic side, rank 〈MQQ〉 = 1
decomposes q into F − 1 quarks and a single one q′′′. Since there is no superpotential
interaction distinguishing q′, q′′ from q′′′, we have an enhanced SO(3) ∼= SU(2) symmetry
rotating the two spinors in the electric theory. In this way, we precisely obtain the Spin(7)
duality with two spinors, which was studied in the previous section.
Similarly, we can study the flat direction spanned by 〈MS′S′〉 which spontaneously breaks
Spin(8) into Spin(7). In a low-energy limit of the electric side, we obtain a Spin(7) gauge
theory with F +1 spinors. Notice that 8v and 8s reduce to a Spin(7) spinor representation.
On the magnetic side, q′ and q¯ become massive and integrated out. The low-energy limit
becomes an SU(F − 3) gauge theory with F + 1 fundamental matters and a symmetric-bar
tensor. The low-energy superpotential becomes
W =MQQs¯qq +MSS s¯q
′′q′′ + P1s¯qq
′′ + Y˜ dressed (3.56)
= MˆQQs¯qˆqˆ + Y˜
dressed, (3.57)
where we used the equation of motion of q′ to eliminate q′ and q¯. On the second line, we
combined the F + 1 fundamental matters into a single field qˆ. MQQ,MSS and P1 are also
combined into MˆQQ. This reproduces the Spin(7) duality studied in [53]. These deformations
confirm the validity of our duality proposal.
4 3d Spin(9) Seiberg duality
In this section, we present the Spin(9) Seiberg duality with vector and spinor matters. The
corresponding 4d duality was proposed in [32]. The electric description is given by a 3d
N = 2 Spin(9) gauge theory with F vector matters and a single spinor matter. The s-
confinement phase appears when F = 5 [39]. We here generalize the analysis in [39] for large
flavor cases F ≥ 5. The Higgs branch is described by mesonic and baryonic operators
MQQ := QQ, MSS := SS, P1 := SQS
P4 := SQ
4S, P5 := SQ
5S, P8 := SQ
8S, B := Q9,
whereQ’s on the second line are anti-symmetrized by anti-symmetric combinations of Spin(9)
gamma matrices. In a Spin(9) group, a mass operator for a single spinor is available. The
operators on the first line will become elementary fields in a magnetic theory. There are
two types of Coulomb branches that we have to take into account [26, 39]. The first (bare)
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Coulomb branch, denoted by YSO(7), induces the following symmetry breaking
so(9)→ so(7)× u(1) (4.1)
9→ 70 + 12 + 1−2 (4.2)
16→ 81 + 8−1 (4.3)
This flat direction is quantum-mechanically stable and supersymmetric since there are mass-
less components 70 from the vector matters which can forbid the monopoles from generating
instabilities of runaway potential. The low-energy Spin(7) gauge theory with more than
five vectors has supersymmetric vacua whose Coulomb branch is not removed [27]. We thus
need to introduce YSO(7) for parametrizing the flat direction of the Spin(9) gauge theory
with F ≥ 6 vectors. One can also define a baryon-monopole operator [26]
Y
Q
SO(7) := YSO(7)(70)
7 ∼ YSO(7)Q7, (4.4)
where the color indices of Q7 are contracted by a Spin(7) epsilon tensor. This operator is
available for F ≥ 7.
There is another Coulomb branch possible for Spin(9) theories with spinor matters.
When the second Coulomb branch, denoted by ZSO(5), obtains a non-zero expectation value,
the gauge group is spontaneously broken to
so(9)→ so(5)× su(2)× u(1) (4.5)
9→ (5, 1)0 + (1, 2)±1 (4.6)
16→ (4, 2)0 + (4, 1)±1, (4.7)
where ZSO(5) is associated with the unbroken U(1) subgroup. Since there are two non-abelian
factors, these two gauge dynamics must have supersymmetric vacua. Otherwise, this classical
flat direction will be lifted due to a non-perturbative dynamics of SO(5) or SU(2). Along the
ZSO(5) Coulomb branch, the vector representation reduces to a massless vector of SO(5) while
the spinor becomes (4, 2)0. All the other components are massive and integrated out. This
flat direction can be quantum-mechanically stable since there are massless dynamical quarks
for both of the unbroken gauge groups. For a Spin(9) gauge theory only with vector matters,
the SU(2) subgroup is unstable due to the monopole (runaway) superpotential [16,17] from
a compact U(1) ⊂ SU(2). As in the case of YSO(7), one can define the baryon-monopole
operator
Z
Q
SO(5) := ZSO(5) ((5, 1)0)
5 ∼ ZSO(5)Q5, (4.8)
where the color indices of Q are contracted by an epsilon tensor of SO(5). This operator
is available for F ≥ 5. These dressed operators can be regarded as 3d counterparts of the
exotic baryons in the 4d Spin(N) gauge theory [26].
Based on the analysis of the Coulomb branch above, we can write down the effective
superpotential for small F cases. For F = 5, we need to introduce the dressed monopole
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Z
Q
SO(5) while only ZSO(5) can appear for F ≤ 4. The global symmetries in Table 15 determine
the effective potentials as follows:
W
eff
F=5 = ZSO(5)(M
5
QQM
2
SS +M
4
QQP
2
1 +MQQP
2
4 + P
2
5 ) + Z
Q
SO(5)(MSSP5 + P1P4)
W
eff
F=4 = λ
[
ZSO(5)(M
4
QQM
2
SS +M
3
QQP
2
1 + P
2
4 )− 1
]
W
eff
F=3 =
1
ZSO(5)(M
3
QQM
2
SS +M
2
QQP
2
1 )
, W
eff
F=2 =
(
1
ZSO(5)(M
2
QQM
2
SS +MQQP
2
1 )
) 1
2
W
eff
F=1 =
(
1
ZSO(5)(MQQM
2
SS + P
2
1 )
) 1
3
, W
eff
F=0 =
(
1
ZSO(5)M
2
SS
) 1
2
where λ is a Lagrange multiplier. For F ≤ 3, the effective superpotential becomes runaway
and there is no stable supersymmetric vacuum. For F = 4, there is one quantum constraint
between the Higgs and Coulomb branch coordinates, where the semi-classical region of the
Higgs branch is connected with the strongly-coupled region of the Coulomb branch and vice
versa. For F = 5, the theory exhibits s-confinement as studied in [39].
Table 15: 3d N = 2 Spin(9) gauge theory with F vectors and a spinor
Spin(9) SU(F ) U(1) U(1) U(1)R
Q 9 1 0 0
S 16 1 0 1 0
MQQ := Q
2 1 2 0 0
MSS := S
2 1 1 0 2 0
P1 := SQS 1 1 2 0
P4 := SQ
4S 1 4-th anti-symm. 4 2 0
P5 := SQ
5S 1 5-th anti-symm. 5 2 0
P8 := SQ
8S 1 8-th anti-symm. 8 2 0
B := Q9 1 9-th anti-symm. 9 0 0
YSO(7) 1 1 −2F −8 2F − 6
ZSO(5) 1 1 −2F −4 2F − 8
Y
Q
SO(7) := YSO(7)Q
7 1 7-th anti-symm. 7− 2F −8 2F − 6
Z
Q
SO(5) := ZSO(5)Q
5 1 5-th anti-symm. 5− 2F −4 2F − 8
The magnetic description is a 3d N = 2 SU(F −4) gauge theory with F +1 fundamental
matters, an anti-fundamental matter and a symmetric-bar tensor. As advertised above, there
are also three gauge-singlet chiral superfieldsMQQ,MSS and P1, which are identified with the
electric counterparts appearing in Table 15. The theory includes a tree-level superpotential
Wmag = P1qq¯ +MSSq
′q¯ +MQQs¯qq + s¯q
′q′ + Y˜ dressed, (4.9)
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which decomposes the fundamental matters into F quarks q and a single quark q′. Thus,
the global symmetry is reduced to SU(F )×U(1)×U(1)×U(1)R . The charge assignment of
the magnetic elementary fields is fixed by the superpotential. The Higgs branch operators
in the magnetic theory are defined as
ZSO(5) ∼ det s¯, YSO(7) ∼ s¯F−5q¯2, ZSO(5),Q ∼ (s¯q)F−5q¯
P4 ∼ qF−4, P5 ∼ qF−5q′,
where we also indicated the operator matching under the duality. Notice that the determi-
nant det s¯ is not truncated by the superpotential as opposed to the 4d case. Notice also that
(s¯q)F−4 cannot be an independent operator. The (dressed) Coulomb branch operators along
ZSO(5) are mapped to the Higgs branch operators under the duality transformation. Since
the charge assignment is fixed by the superpotential, the operator matching above can be
regarded as a non-trivial test of the duality.
We can also find the matching of the remaining operators: The magnetic Coulomb branch,
denoted by Y˜ bareSU(F−6), corresponds to the gauge symmetry breaking
SU(F − 4)→ SU(F − 6)× U(1)1 × U(1)2 (4.10)
→ 0,−2 + 11,F−6 + 1−1,F−6 (4.11)
→ 0,2 + 1−1,−F+6 + 11,−F+6 (4.12)
→ 0,4 + −1,−F+8 + 1,−F+8 + 1−2,−2F+12 + 12,−2F+12 + 10,−2F+12 (4.13)
adj.→ adj.0,0 + 10,0 + 10,0 + 12,0 + 1−2,0
+ −1,−F+4 + 1,−F+4 + 1,F−4 + −1,F−4, (4.14)
where the Coulomb branch corresponds to the unbroken U(1)1 generator. The components
charged under the U(1)1 subgroup are massive and integrated out, which generates a non-
zero mixed Chern-Simons term k
U(1)1U(1)2
eff = 4(F −6). As a result, the bare Coulomb branch
obtains a U(1)2 charge −kU(1)1U(1)2eff [18]. In order to construct gauge-invariant operators
along the Coulomb branch, we need to define baryon-monopole operators [22, 23, 25]
Y˜ dressed := Y˜ bareSU(F−6)( 0,4)
F−6 ∼ Y˜ bareSU(F−6)s¯F−6 (4.15)
Y
Q
SO(7) := Y˜
bare
SU(F−6)( 0,4)
F−7( 0,2)
210,−2F+12( 0,2)
F−7
0,2 (4.16)
∼ Y˜ bareSU(F−6)s¯F−7q¯2s¯(s¯q)F−7q¯ (4.17)
B := Y˜ bareSU(F−6)( 0,2)
F−9
0,2 1,F−4 −1,F−4 ∼ Y˜ bareSU(F−6)(s¯q)F−9q¯W˜ 2α, (4.18)
where the color indices are all contracted by epsilon tensors of the unbroken SU(F−6) gauge
group. The global charges of these dressed operators are computed as in Table 16 and are
consistent with the electric counterparts. The dressed operator Y˜ dressed is truncated due to
the superpotential.
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Table 16: The magnetic SU(F − 4) gauge theory dual to Table 15
SU(F − 4) SU(F ) U(1) U(1) U(1)R
q 4
F−4
2
F−4
0
q′ 1 F
F−4
2
F−4
0
q¯ 1 − F
F−4
−2− 2
F−4
2
s¯ 1 − 2F
F−4
− 4
F−4
2
MQQ 1 2 0 0
MSS 1 1 0 2 0
P1 1 1 2 0
ZSO(5) ∼ det s¯ 1 1 −2F −4 2F − 8
YSO(7) ∼ s¯F−5q¯2 1 1 −2F −8 2F − 6
ZSO(5),Q ∼ (s¯q)F−5q¯ 1 5-th anti-symm. 5− 2F −4 2F − 8
P4 ∼ qF−4 1 4-th anti-symm. 4 2 0
P5 ∼ qF−5q′ 1 5-th anti-symm. 5 2 0
Y˜ bareSU(F−6) U(1)2 : −4(F − 6) 1 2F − 4FF−4 6− 2FF−4 −2F + 14
Y˜ dressed := Y˜ bareSU(F−6)s¯
F−6 1 1 0 0 2
Y
Q
SO(7) ∼ Y˜ bareSU(F−6)s¯F−7q¯2s¯(s¯q)F−7q¯ 1 7-th anti-symm. 7− 2F −8 2F − 6
P8 ∼ Y˜ bareSU(F−6)(s¯q)F−8W˜ 2α 1 8-th anti-symm. 8 2 0
B ∼ Y˜ bareSU(F−6)(s¯q)F−9q¯W˜ 2α 1 9-th anti-symm. 9 0 0
Let us test various consistency checks of the duality proposed above. First, we consider
adding deformations to the vector meson MQQ. Let us introduce a complex mass term for a
single vector, say an F -th flavor as W = mQFQF . On the electric side, we just integrate out
this vector and F − 1 vectors remain massless. On the magnetic side, the same deformation
corresponds to the higgsing with rank 〈s¯qq〉 = 1. The magnetic theory then reduces to an
SU(F − 5) gauge theory with the same matter content. In this way, the duality is preserved
with reduction of F . Alternatively, by introducing a vev of rank 〈MQQ〉 = 1, the electric
theory flows to a Spin(8) gauge theory with F − 1 vectors, a spinor and a conjugate spinor.
On the magnetic side, the superpotential precisely reduces to (3.42). We thus flow to the
Spin(8) duality studied in Section 3.2, which serves another check of the duality.
Next, we consider deformations along the MSS direction. By introducing a non-zero
vev to MSS, the electric side flows to a 3d N = 2 Spin(7) gauge theory with F spinor
matters. On the magnetic side, 〈MSS〉 6= 0 corresponds to a complex mass between q′ and q¯.
By integrating out all the massive components, we reproduce the Spin(7) duality proposed
in [53]. Finally, we consider adding a complex mass term as W = mSS which integrates out
the spinor matter in the Spin(9) theory. On the magnetic side, the mass W = mMSS leads
to the following vacuum expectation values (via an appropriate gauge transformation)
q′a = 0, q′a=F−4 =
√
m, q¯a = 0, q¯a=F−4 =
√
m (4.19)
qˆai := q
a
i , q
a=F−4
i = 0 (4.20)
ˆ¯s := s¯ab, s¯singlet := s¯F−4,F−4, (4.21)
where a, b = 1, · · · , F−4 are the color indices and i = 1, · · · , F is a flavor index. By inserting
these expressions into the superpotential, we further obtain m+ Y˜ bareSU(F−5) ˆ¯s
F−7 = 0 and thus
find the twofold higgsing SU(F − 4) → SU(F − 5) → S(O(F − 7) × O(2)). The singlet
s¯singlet is decoupled from the other matter content. By dualizing the O(2) vector superfield
into a chiral superfield, we reproduce the Spin(N)↔ O(F −N +2) duality with N = 9 [26].
This supports the validity of our duality.
5 3d Spin(10) Seiberg duality
As a final example of the 3d Spin(N) Seiberg dualities, we consider a Spin(10) gauge group
with matters in vector and spinor representations. The corresponding 4d duality was studied
in [30,31,33,62] while the 3d Spin(10) duality with only vector matters was proposed in [26].
Here, we add a single spinor (whose representation is denoted by 16) and propose its 3d
duality. The electric description is a 3d N = 2 Spin(10) gauge theory with F vector matters
Q and a spinor matter S. The global symmetry becomes SU(F ) × U(1) × U(1) × U(1)R
since there is no chiral anomaly. The s-confinement phase appears when F = 6, which was
studied in [39] by the author, and here we propose a dual description for F ≥ 7. The matter
content and its quantum numbers are defined in Table 17. The two U(1) symmetries just
count the numbers of vectors and spinors. The Higgs branch operators are defined by
MQQ := QQ, P1 = SQS, P5 := SQ
5S, P9 := SQ
9S, B := Q10,
where the mixed meson P5 and P9 are constructible for F ≥ 5 and F ≥ 9, respectively.
The baryon B is available only for F ≥ 10. Notice that there is no mass operator available
for a single spinor matter in Spin(10). In P1, P5 and P9, the color indices of two S’s are
symmetrized. MQQ and P1 will become elementary fields in a magnetic theory.
Next, we study the Coulomb branch operators in the Spin(10) gauge theory, which was
investigated in [26, 27, 39] for theories with vector matters and for the descriptions of the
s-confinement phases. The first Coulomb branch, which we denote by YSO(8), leads to the
spontaneous breaking of the gauge group
so(10)→ so(8)× u(1) (5.1)
10→ 8v0 + 12 + 1−2 (5.2)
16→ 8c−1 + 8s1, (5.3)
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where all the components from the spinor representation are massive along the YSO(8) flat
direction. The massless component 8v0 from the vector matters can make the vacuum of
the low-energy SO(8) gauge theory stable and supersymmetric when F ≥ 7 (no runaway
potential generated) [27]. Therefore, the YSO(8) branch will become exactly flat and survive
quantum corrections for the region of F where the dual description is available.
The Spin(10) gauge theory with a spinor matter can have another Coulomb branch
[26,39]. This second flat direction, which is denoted by ZSO(6), corresponds to the following
gauge symmetry breaking
so(10)→ so(6)× su(2)× u(1) (5.4)
10→ (6, 1)0 + (1, 2)±1 (5.5)
16→ (4, 1)±1 + (4, 2)0. (5.6)
The bare monopole operator ZSO(6) can be obtained by dualizing the unbroken U(1) vector
superfield into a chiral superfield. This flat direction is quantum-mechanically stable and
supersymmetric because there is a massless component (4, 2)0 from the spinor matter and
then no runaway potential is generated for both the SO(6) and SU(2) gauge dynamics. For
Spin(10) gauge theories only with vectors, this direction is unstable since the low-energy
SU(2) dynamics generates a runaway potential from the fundamental monopole correspond-
ing to U(1) ⊂ SU(2) [16, 17].
Based on these two Coulomb branches, we can also define the baryon-monopoles (dressed
Coulomb branch operators) by combining the Coulomb and Higgs branch chiral superfields
[26]
Y
Q
SO(8) := YSO(8)(8v0)
8 ∼ YSO(8)Q8 (5.7)
Z
Q
SO(6) := ZSO(6) ((6, 1)0)
6 ∼ ZSO(6)Q6, (5.8)
where the color indices of Q8 and Q6 are contracted by epsilon tensors of the SO(8) and
SO(6) gauge groups, respectively. As a result, the flavor indices of Q’s are anti-symmetrized
as well. These are regarded as a 3d version of the hybrid baryons in 4d Spin(N) gauge
theories [5, 26, 30, 32, 33].
For small flavors with F ≤ 6, we find that the theory exhibits confinement phases and
that the following effective superpotentials are consistent with all the global symmetries in
Table 17:
W
eff
F=6 = ZSO(6)
(
M5QQP
2
1 +MQQP
2
5
)
+ ZQSO(6)P1P5 (5.9)
W
eff
F=5 = λ
[
ZSO(6)(M
4
QQP
2
1 + P
2
5 )− 1
]
(5.10)
W
eff
F≤4 =
(
1
ZSO(6)M
F−1
QQ P
2
1
) 1
5−F
, (5.11)
where λ for the F = 5 case is a Lagrange multiplier field imposing one quantum constraint
on the moduli coordinates. Therefore, the origin of the moduli space is eliminated when
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F = 5. For F ≤ 4, the effective superpotentials become runaway and there is no stable
supersymmetric vacuum. For F = 6, the theory exhibits s-confinement, which was studied
in [39]. In what follows, we are interested in the F ≥ 7 cases where the moduli space
has singularities at the origin of the moduli space and is expected to realize a non-abelian
Coulomb phase.
Table 17: 3d N = 2 Spin(10) gauge theory with F vectors and a spinor
Spin(10) SU(F ) U(1) U(1) U(1)R
Q 10 1 0 0
S 16 1 0 1 0
MQQ := Q
2 1 2 0 0
P1 := SQS 1 1 2 0
P5 := SQ
5S 1 5-th anti-symm. 5 2 0
P9 := SQ
9S 1 9-th anti-symm. 9 2 0
B := Q10 1 10-th anti-symm. 10 0 0
YSO(8) 1 1 −2F −8 2F − 8
ZSO(6) 1 1 −2F −4 2F − 10
Y
Q
SO(8) := YSO(8)Q
8 1 8-th anti-symm. 8− 2F −8 2F − 8
Z
Q
SO(6) := ZSO(6)Q
6 1 6-th anti-symm. 6− 2F −4 2F − 10
We move on to the magnetic description which is given by a 3d N = 2 SU(F − 5) gauge
theory with F fundamental matters q, an anti-fundamental matter q¯ and a symmetric-bar
tensor s¯. The theory also includes gauge singlet fields MQQ and P1, which are straightfor-
wardly identified with the electric counterparts in Table 17. The field content is completely
the same as the 4d one [30] and the difference only comes from F -terms. We introduce a
tree-level superpotential to truncate the magnetic chiral ring:
Wmag =MQQs¯qq + P1qq¯ + Y˜
dressed, (5.12)
which completely fixes the quantum numbers of the dual elementary fields as in Table 18.
The definition of the dressed operator Y˜ dressed will be stated below. Being different from the
corresponding 4d duality [30], the superpotential does not include det s¯. This fact is crucial
for finding the following operator mapping:
ZSO(6) ∼ det s¯, YSO(8) ∼ s¯F−6q¯2
P5 ∼ qF−5, ZQSO(6) ∼ (s¯q)F−6q¯.
Notice that (s¯q)F−5 is proportional to qF−5 det s¯ and cannot be an independent operator.
In the 4d case, the superpotential includes W 4dmag ∋ det s¯ and then det s¯ and s¯F−6q¯2 are
truncated due to an F -flatness condition for s¯.
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We can also match the remaining electric operators by carefully studying the magnetic
Coulomb branch. When the bare Coulomb branch, denoted by Y˜ bareSU(F−7), obtains a non-zero
expectation value, the gauge group is spontaneously broken as follows:
SU(F − 5)→ SU(F − 7)× U(1)1 × U(1)2 (5.13)
→ 0,−2 + 11,F−7 + 1−1,F−7 (5.14)
→ 0,2 + 1−1,−(F−7) + 11,−(F−7) (5.15)
→ 0,4 + −1,−F+9 + 1,−F+9
+ 1−2,−2F+14 + 12,−2F+14 + 10,−2F+14 (5.16)
adj.→ adj.0,0 + 10,0 + 10,0 + 12,0 + 1−2,0
+ −1,−F+5 + 1,−F+5 + 1,F−5 + −1,F−5. (5.17)
The Coulomb branch Y˜ bareSU(F−7) is associated with the unbroken U(1)1 factor. Hence, the
components charged under the U(1)1 subgroup become massive along the Y˜
bare
SU(F−7) flat di-
rection and are integrated out from the low-energy spectrum. This results in a non-zero
Chern-Simons term between U(1)1 and U(1)2, which turns on a non-zero U(1)2 charge to
Y˜ bareSU(F−7) as displayed in Table 18 [18]. The gauge invariant operators are constructed by
considering baryon-monopole operators
Y˜ dressed := Y˜ bareSU(F−7)( 0,4)
F−7
∼ Y˜ bareSU(F−7)s¯F−7 (5.18)
B := Y˜ bareSU(F−7)( 0,2)
F−10
0,2 1,F−5 −1,F−5
∼ Y˜ bareSU(F−7)(s¯q)F−10q¯W˜ 2α (5.19)
P9 := Y˜
bare
SU(F−7)( 0,2)
F−9
1,F−5 −1,F−5
∼ Y˜ bareSU(F−7)(s¯q)F−9W˜ 2α (5.20)
Y
Q
SO(8) := Y˜
bare
SU(F−7)( 0,4)
F−8( 0,2)
210,−2F+14( 0,2)
F−8
0,2
∼ Y˜ bareSU(F−7)(s¯F−8q¯2)s¯(s¯q)F−8q¯, (5.21)
where the color indices are contracted by invariant tensors of the unbroken SU(F − 7). The
first operator Y˜ dressed is eliminated by the superpotential. The second and third ones are
identified with B and P5, respectively. The fourth one is identified with the dressed Coulomb
branch Y QSO(8).
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Table 18: The SU(F − 5) magnetic theory dual to Table 17
SU(F − 5) SU(F ) U(1) U(1) U(1)R
q 5
F−5
2
F−5
0
q¯ 1 − F
F−5
−2 − 2
F−5
2
s¯ 1 −2− 10
F−5
− 4
F−5
2
MQQ 1 2 0 0
P1 1 1 2 0
ZSO(6) ∼ det s¯ 1 1 −2F −4 2F − 10
YSO(8) ∼ s¯F−6q¯2 1 1 −2F −8 2F − 8
P5 ∼ qF−5 1 5-th anti-symm. 5 2 0
Z
Q
SO(6) ∼ (s¯q)F−6q¯ 1 6-th anti-symm. 6− 2F −4 2F − 10
Y˜ bareSU(F−7) U(1)2 : −4(F − 7) 1 2F − 4FF−5 6− 2F−2F−5 −2F + 16
Y˜ dressed := Y˜ bareSU(F−7)s¯
F−7 1 1 0 0 2
B ∼ Y˜ bareSU(F−7)(s¯q)F−10q¯W˜ 2α 1 10-th anti-symm. 10 0 0
P9 ∼ Y˜ bareSU(F−7)(s¯q)F−9W˜ 2α 1 9-th anti-symm. 9 2 0
Y Q
SO(8)
∼ Y˜ bare
SU(F−7)
(s¯F−8q¯2)s¯(s¯q)F−8q¯ 1 8-th anti-symm. 8− 2F −8 2F − 8
By adding complex masses to vector matters W = mMQQ with rankm = r, the electric
description flows to a Spin(10) gauge theory with F − r vectors and a spinor. On the
magnetic side, the same mass term leads to rank 〈s¯qq〉 = r which spontaneously breaks the
gauge group into SU(F−r−5) with the same matter content. Thus, the duality is preserved
with reduction of F to F − r. When r = F − 6, the magnetic gauge group vanishes and this
is consistent with the s-confinement for six vectors [39].
By introducing a non zero vev with rank 〈MQQ〉 = 1, we can reproduce the Spin(9)
duality studied in the previous section. On the electric side, the vev for 〈MFFQQ 〉 breaks
the gauge group to Spin(9) and a single vector is eaten via the Higgs mechanism. On the
magnetic side, 〈MQQ〉 brings the superpotential into the following form
W =MQQs¯qq + s¯q
′q′ + P1qq¯ + P
′
1q
′q¯ + Y˜ dressed, (5.22)
where q′ and P ′1 denote the F -th components of q and P1. By rewriting P
′
1 as MSS, the
Spin(9) duality is reproduced.
We can also study the deformation along the moduli space labeled by 〈P1〉 6= 0. On
the electric side, the gauge group is higgsed into Spin(7). By integrating out the massive
components, the low-energy limit is described by a 3d N = 2 Spin(7) gauge theory with
F − 1 spinor matters. On the magnetic side, the vev of P1 corresponds to a complex mass
for a single q and q¯. The resulting low-energy description becomes a 3d N = 2 SU(F − 5)
gauge theory with F − 1 fundamental matters and a symmetric-bar tensor with a tree-level
superpotential
W =MQQs¯qq + Y˜
dressed, (5.23)
40
which is precisely the Spin(7) spinorial duality studied in [53].
6 Summary and Discussion
In this paper, we proposed the 3d Seiberg dualities for the 3d N = 2 Spin(N) gauge theories
with vector matters and (conjugate) spinor matters. The examples range from Spin(7) to
Spin(10) gauge groups with one or two spinor matters. The proposed dualities are almost
identical to the corresponding 4d dualities except for the fact that the magnetic theory has
a slightly different superpotential. In particular, the 3d magnetic superoptential includes
the (dressed) monopole operators instead of det s¯. We argued that this slightly modified
superpotential is very important to have the correct operator matching in 3d. As consistency
checks, we discussed various deformations to the known dualities and flows between the
dualities proposed here. We also calculated the superconformal indices for the Spin(7) cases
and observed a nice agreement under the duality. For the Spin(8) case, we argued that the
duality pair flows to the 3d N = 4 theories where we found that the Hilbert series of the
N = 4 pair are identical.
In these dualities, some of the gauge-invariant operators whose flavor indices are anti-
symmetrized are mapped to the exotic dressed monopole operators that contain the gaugino
superfields W˜α. Since the dressed operators are defined in a semi-classical region of the
Coulomb branch, these gaugino fields are massive and also obtains anomalous spins [63, 64]
in a magnetic monopole background. (In the current case, the field W˜α is equivalent to
the chiral superfield with a unit r-charge in the monopole background.) From the low-
energy point of view, these massive contributions must be regarded as some complicated
combinations of the massless (chiral) fields. In this paper, however, we couldn’t find the
correct representations of these massive components in terms of the low-energy degrees of
freedom although the expressions given in this paper are consistent with the viewpoint of
the superconformal indices. The same problem was posed for example in [22]. We will leave
this problem for future directions.
In this paper, we couldn’t find how to derive the 3d Spin(N) Seiberg dualities from the
4d dualities. The main difficulty comes from the fact that we don’t understand the origin
of the monopole superpotential. To clarify this problem, it might be useful to study the
superconformal indices in 4d (which is a partition function on S1×S3) and reduce it to 3d S3
partition functions [65–68]. It would be important to study more generic Spin(N) Seiberg
dualities by including more than one spinor matters and by studying more higher rank gauge
groups. In 4d, the Spin(10) gauge theory with arbitrary number of spinors was proposed
in [33].
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